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Introduction 


An  investigation  of  visual  ports  (windscreens  or  windows)  in  rotary- wing  aircraft  of  the 
U.S.  Army  was  conducted.  The  objectives  of  the  investigation  were  to  document  the  location 
and  extent  of  the  visual  ports  and  to  assess  utilization  of  these  ports  and  associated  problems  for 
aviator  and  aircrew  flight  tasks.  The  investigation  encompassed  the  eight  currently  fielded 
aircraft  designs.  These  were  the  AH-IS/F  Cobra,  AH-64  Apache,  CH-47D  Chinook,  OH-6 
Cayuse,  OH-58A/C/D  Kiowa,  TH-67  Creek,  UH-IHA/  Iroquois,  and  UH-60  Black  Hawk.  See 
Figures  1-10.  [Note:  The  OH-58A  and  D  models  have  the  same  windscreens  and  windows.  The 
OH-58D  model  has  instrumentation  in  the  rear  of  the  aircraft  which  blocks  the  rear  doors.  The 
OH-58C  model  exists  with  either  curved  or  flat  windscreens.] 

The  investigation  was  conducted  in  three  parts.  First,  the  visual  ports  in  each  aircraft 
were  documented  through  visual  plots  and  photography.  Second,  questionnaires  addressing  the 
utilization  of  each  visual  port  were  developed  and  administered  to  344  aviators  and  aircrew  . 
[Note:  Since  the  TH-67  is  a  training  aircraft  and  is  not  fielded  by  the  U.S.  Army,  questionnaire 
data  were  not  collected  for  this  aircraft.]  Third,  a  search  of  the  U.S.  Army  Safety  Center  accident 
database  was  conducted  to  identify  the  frequency  of  the  incidence  of  accidents  for  U.S.  Army 
rotary-wing  aircraft  in  which  impaired  external  vision  was  a  possible  factor. 

It  is  envisioned  these  data  will  serve  as  a  reference  source  for  accident  investigation  and 
future  aircraft  design. 

External  vision  rationale  and  requirements 

Flying  presents  a  number  of  visually  demanding  tasks  for  pilots  and  crewmen.  These 
include  navigation,  terrain  avoidance,  landing,  collision  avoidance,  weapon  delivery,  etc.  While 
futuristic  aircraft  designs  may  explore  the  concept  of  a  totally  enclosed  cockpit,  current  rotary¬ 
wing  aircraft  designs  are  such  that  aviators  depend  heavily  upon  adequate  external  vision  through 
windscreens  and  windows.  This  is  particularly  true  in  nap-of-the-earth  (NOE)  and  contour  flight 
modes  where  distances  to  potential  obstacles  are  as  short  as  a  few  feet.  The  size  and  placement 
of  visual  openings  are  critical  to  safe  operation  and,  accordingly,  to  mission  success.  The 
requirements  for  external  vision  and  for  the  needed  visual  ports  are  a  function  of  the  cockpit 
seating  arrangement  (e.g.,  single,  tandem,  or  side-by-side)  and  the  type  of  aircraft  as  defined  by 
mission  (e.g.,  attack,  utility,  trainer,  etc.).  U.S.  Army  rotary  wing  aircraft  use  either  tandem  or 
side-by-side  seating  arrangements.  To  date  only  attack  aircraft  (AH-1  Cobra  and  AH-64  Apache) 
use  tandem  seating  with  the  pilot  in  the  rear  seat. 

Tandem  and  side-by-side  seating  arrangements  each  have  both  advantages  and 
disadvantages.  For  tandem  seating,  the  major  advantage  is  that  both  aircrew  men  have  improved 
visual  fields  to  both  sides.  The  major  disadvantage  is  the  highly  restricted  over-the-nose  vision 
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Figure  2.  The  AH-64  Apache, 


Figure  4.  The  OH-6  Cayuse. 


7 


Figure?.  The  OH-5  8D  Kiowa. 


for  the  pilot.  Conversely,  for  side-by-side  seating,  the  major  advantage  is  the  improved  over-the- 
nose  vision.  The  major  disadvantage  is  the  reduced  vision  for  the  opposite  side. 

The  rationale  and  requirements  for  external  vision  are  defined  in  Military  Standard  MIL- 
STD-850B,  "Aircrew  station  vision  requirements  for  military  aircraft,"  Military  Standard  MIL- 
STD-1776A(USAF),  "Aircrew  station  and  passenger  accommodations,"  and  Military 
Specification  MIL-W-81752A(AS),  "Windscreen  systems,  fixed  wing  aircraft,  general 
specification  for."  MIL-STD-850B  is  the  primary  document.  Note;  There  are  no  Military 
Specifications  specifically  for  rotary-wing  aircraft  windscreens. 

MIL-W-81752A(AS)  requires  a  fixed  windshield  be  provided  forward  of  the  cockpit. 

The  windshield  is  to  be  designed  "to  provide  clear  vision  for  the  pilot"  and  provide  protection  to 
the  pilots  and  crewmen.  Structural  frames  which  impact  external  viewing  from  the  cockpit  are 
required  to  "avoid  gunsight  and  optical  landing  aids  viewing  areas." 

MIL-STD-850B  establishes  requirements  for  providing  adequate  external  vision  from 
within  the  cockpit  for  military  aircraft.  While  requiring  "the  maximum  practicable  external 
vision  be  provided  for  the  pilot(s),"  MIL-STD-850B  establishes  minimum  criteria.  These  criteria 
are  based  on  monocular  vision.  Criteria  vision  angles  are  specified  to  a  reference  plane  which  is 
the  pilot's  horizontal  vision  plane  as  defined  in  MIL-STD-1333A.  The  zero  reference  in  an 
azimuth  is  the  straight  ahead  of  the  aircraft  design  eye  position. 

Tables  1  and  2  presents  a  summary  of  vision  criteria  for  side-by-side  and  single/tandem 
piloted  rotary-wing  aircraft  as  cited  in  MIL-STD-850B,  respectively.  MIL-STD-850B  should  be 
consulted  for  specific  criteria. 


Documentation  of  Visual  Ports 

The  initial  step  in  the  investigation  was  to  document  the  visual  ports  in  each  of  the  fielded 
rotary-wing  aircraft.  This  task  was  accomplished  through  photography  of  each  aircraft  and 
documenting  the  vision  plots  of  each  aircraft. 


Visual  plots 

Verification  of  external  vision  requirements  must  be  provided  for  the  aircraft  production 
configuration  in  accordance  with  MIL-STD-850B.  A  plot  of  the  total  vision  envelope  (180 
degrees  in  azimuth  and  90  degrees  in  elevation)  is  required  based  on  data  acquired  using  an  angle 
measuring  device  (e.g.,  an  engineering  transit)  located  at  the  design  eye  position.  Vision  plots 
for  all  U.S.  Army  rotary-wing  aircraft  are  presented  in  Appendix  A.  The  areas  of  vision  which 
are  blocked  by  airframe  structure  are  represented  by  darkened  areas.  Visual  plots  for  the  AH-1, 
CH-47,  OH-6,  OH-58A,  and  UH-1  are  reproduced  from  USAASCOM  Technical  Report  73-1. 
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Rotary-wing  vision  criteria  side-by-side  pilot 
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Note:  Numbers  shown  under  each  flight  phase  column  indicate  applicability  of  that  phase  for  establishing  vision  criteria 
within  the  azimuth  angles  shown,  and  relative  priority  (1  having  the  highest  priority). 


Rotary-wing  vision  criteria  single/tandem  pilot 
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Note:  Numbers  shown  under  each  flight  phase  column  indicate  applicability  of  that  phase  for  establishing  vision  criteria 
within  the  azimuth  angles  shown,  and  relative  priority  (1  having  the  highest  priority). 


The  visual  plot  for  the  AH-64  is  reproduced  from  Hughes  Helicopter  AAH  system  specification 
AMC-SS-AAH-HIOOOOA.  The  visual  plot  for  the  OH-58D  is  reproduced  from  Bell  Helicopter 
Textron  AHIP  system  specification  AV-SS-NTSH-B 10000.  The  visual  plot  for  the  TH-67  was 
provided  by  Bell  Helicopter  Textron. 

It  should  be  noted  that  during  the  summer  months  the  OH-58  models  often  are  flown 
'without  doors;  the  OH-6  is  flo'wn  exclusively  without  doors. 


Photography  of  visual  ports 

Figures  11-19  provide  the  front  and  side  photographic  views  of  each  aircraft.  From  these 
photographs  and  those  in  Figures  1-10,  an  overview  of  the  relative  location  and  extent  of  each 
aircraft's  visual  ports  can  be  obtained.  Table  3  provides  a  detailed  list  of  visual  ports  by 
individual  aircraft. 

To  provide  a  pictorial  representation  of  the  external  vision  provided  by  each  aircraft, 
photographs  were  taken  from  the  cockpit  using  a  Globuscope  360-degree  35-nim  photographic 
system.  Unlike  a  shutter  driven  cameras,  this  system  takes  a  picture  by  scanning  the  scene 
through  a  thin  slit.  As  the  camera  rotates,  a  continuous  photographic  image  is  formed  onto  the 
film.  The  resultant  photographs  are  a  continuous  composite  of  an  infinite  number  of  views.  The 
vertical  field  is  60  degrees. 

The  camera  was  mounted  in  the  left  seat  of  each  cockpit,  in  a  horizontal  plane,  facing 
forward,  parallel  to  the  fuselage  reference  line.  As  the  photographs  were  intended  only  to  be 
representative  of  available  external  vision,  the  vertical  position  of  the  camera  was  defined 
generally  as  at  a  point  representative  of  the  eye  position  of  the  photographer  (male,  6  feet  in 
height)  when  seated  at  a  nominal  seat  height  adjustment  (when  applicable).  The  resulting 
photographs  are  provided  in  Figures  20-30.  Only  the  angular  subtense  encompassing  the  visual 
ports  is  shown.  Aircraft  structural  parts  that  block  monocular  vision  are  apparent  in  the 
photographs. 

The  most  significant  observation  which  can  be  made  from  the  photographs  is  the 
dramatic  difference  in  the  extent  of  external  viewability  between  aircraft  with  tandem  seating 
(e.g.,  AH-1  and  AH-64)  and  those  with  side-by-side  seating  (e.g.,  CH-,  OH-,  and  UH-  models); 
the  tandem  seating  configuration  provides  excellent  over-the-nose  and  lateral  vision  for  the  front 
seat  copilot/gunner. 
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Figure  11.  AH- 


CH-47D  Chinook  view  of  front  windscreens 


'ti. 


Figure  15.  OH-5 8 A/D  Kiowa  views;  a)  front  windscreens;  b)  window,  left  front  door;  c)  window,  left  rear  door. 


Figure  16.  OH-58C  Kiowa  (flat  panel)  views:  a)  front  windscreens;  b)  windows,  right 
view  of  front  and  rear  doors;  c)  left  chin  bubble. 
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Figure  19.  UH-60A  Black  Hawk:  a)  front  windscreens;  b)  windows,  right  front  door;  c)  windows,  right  cargo  door. 


Table  3. 


List  of  visual  ports  by  aircraft. 

Aircraft 

type/model 

Port  description 

AH-IS/F 
(Fig.  1,11) 

Front  windscreen 

Front  overhead  windscreen 

Front  side  windows,  left,  right 

Rear  overhead  windscreen 

Rear  side  windows,  left,  right 

AH-64 
(Fig.  2,12) 

Lower  front  windscreen 

Upper  front  windscreen 

Front  side  windows,  left,  right 

Rear  overhead  window 

Rear  side  windows,  left,  right 

CH-47D 
(Fig.  3, 13) 

Front  center  windscreen 

Front  windscreens,  left,  right 

Front  overhead  windows,  left,  right 

Chin  bubbles,  left,  right 

Front  side  panels,  left(3),  right(3) 

Side  window,  left 

Side  door  window,  right 

Side  windows  circular,  left(3),  right(3) 

Side  bubble  windows,  left,  right 

OH-6 

(Fig.  4, 14) 

Front  windscreens,  left  (top  and  bottom) 

Front  windscreens,  right  (top  and  bottom) 

Front  side  door  windows*,  left,  right 

Rear  side  door  windows*,  left,  right 

Overhead  windows,  left,  right 

*  Doors  are  often  removed  for  flight. 
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Table  3  (Continued). 


List  of  visual  ports  by  aircraft 


Aircraft 

type/model 

Port  description 

OH-58A 
(Fig.  5, 15) 

Front  windscreens,  left,  right 

Front  side  door  windows*,  left,  right 

Chin  bubbles,  left,  right 

Rear  side  door  windows,  left,  right 

Overhead  windows,  left,  right 

OH-58C 
(Fig.  6,  16) 

Front  windscreens,  left,  right 

Front  side  door  windows*,  left,  right 

Chin  bubbles,  left,  right 

Rear  side  door  windows*,  left,  right 

Overhead  windows,  left,  right 

OH-58D 
(Fig.  1,  15) 

Front  windscreens,  left,  right 

Chin  bubbles,  left,  right 

Side  door  windows*,  left,  right 

Overhead  windows,  left,  right 

TH-67 
(Fig.  8,  17) 

Front  windows,  left,  right 

Overhead  windscreens,  left,  right 

Chin  bubbles,  left,  right 

Front  door  windows,  left(2),  right(2) 

Rear  door  windows,  left(2),  right(2) 

UH-IH 
(Fig.  9,  18) 

Front  windscreens,  left,  right 

Front  door  window  panels,  left(3),  right(3) 

Side  windows,  left,  right 

Cargo  door  windows,  left(2),  right(2) 

Chin  bubbles,  left,  right 

Overheads,  left,  right 

*  Doors  often  removed  for  flight. 
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Table  3  (Continued). 

List  of  visual  ports  by  aircraft 

Aircraft 

type/model 

Port  description 

UH-60A 
(Fig.  10,19) 

Front  windscreens,  left,  right 

Front  center  windscreen 

Chin  bubbles,  left,  right 

Front  door  window  panels,  left,  right 

Side  windows,  left(2),  right(2) 

Cargo  door  windows,  right(2),  right(2) 

Overhead  windows,  left,  right 

*  Doors  often  removed  for  flight. 


Utilization  questionnaires 

Aviator  and  aircrew  opinion  on  the  utilization  and  acceptance  of  current  rotary-wing 
aircraft  visual  port  design  was  investigated  through  the  use  of  written  questionnaires.  The 
questionnaires  gave  the  users  the  opportunity  to  report  their  experiences  and  express  their 
opinions  on  the  external  viewability  of  current  operational  helicopters.  Separate  questionnaires 
were  developed  for,  and  distributed  to,  pilot/copilots  and  aircrew.  See  Appendices  B  and  C, 
respectively.  [Note:  Since  the  TH-67  is  a  training  aircraft  and  is  not  fielded  by  the  U.S.  Army, 
questionnaire  data  were  not  collected  for  this  aircraft.] 

The  pilot/copilot  questionnaire  requested  aviator  assessment  of  the  adequacy  of  current 
visual  port  size  and  placement,  parameters  which  define  available  external  vision.  Respondents 
also  were  questioned  as  to  tasks  performed  through  each  visual  port.  Additional  questions 
addressed  pilot/copilot  appraisals  of  problems  associated  not  only  with  the  size  and  location  of 
visual  ports,  but  also  with  optical  quality,  e.g.,  haze,  distortion,  etc.  The  aircrew  questionnaire 
investigated  those  issues  above  which  pertained  primarily  to  the  aircrew  who  perform  tasks  in  the 
passenger  or  cargo  compartments  of  nonattack  aircraft. 

Respondents  were  requested  to  base  their  responses  on  the  aircraft  type  which  they  had 
flown  the  greatest  number  of  hours  during  the  last  6-month  period.  Additional  questionnaires 
could  be  completed  as  necessary  for  other  aircraft  flown  by  the  respondent. 

Questionnaires  were  distributed  to  aviators  and  crew  from  Fort  Rucker,  Alabama,  Fort 
Hood,  Texas,  Fort  Benning,  Georgia,  Fort  Bragg,  North  Carolina,  and  Fort  Campbell,  Kentucky. 
A  total  of  273  pilot/copilot  and  71  crew  questionnaires  were  completed. 
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Questionnaire  data 


Pilot/copilot  and  aircrew  questionnaire  data  summaries  are  provided  in  Appendices  D  and  ^ 

E,  respectively.  The  demographics  of  the  questionnaire  respondents  are  presented  in  Tables  4 
and  5.  The  number  of  respondents  by  sex,  crew  function,  and  aircraft  are  reported.  In  addition, 
the  total  number  of  flight  hours,  combined  by  function  and  aircraft,  is  presented.  For  attack 
aircraft,  i.e.,  AH-1  and  AH-64,  the  demographics  and  flight  hour  data  are  categorized  as  pilot  and  » 

copilot/gunner  (Table  4).  Tandem  seating  is  employed  in  these  aircraft  with  specific  tasks 
assigned  to  the  front  and  back  seat  aviators.  For  nonattack  aircraft,  e.g.,  utility,  cargo, 
reconnaissance,  etc.,  there  is  little  division  of  tasks  between  pilot  and  copilot.  Therefore,  for  the 
purpose  of  this  study  the  pilot  and  copilot  data  are  combined  for  the  nonattack  aircraft.  [Note: 

This  was  a  consequence  of  most  questionnaire  respondents  marking  both  pilot  and  copilot  as 
their  primary  station.]  Crewman  data  are  reported  separately.  These  data  represent  the  combined 
experience  of  528,230  pilot/copilot  and  54,000  crewman  aircraft  specific  flight  hours. 


Questionnaire  findings 

The  utilization  questioimaire  data  were  analyzed  regarding  overall  viewability,  visual  port 
usage,  windscreen  problems,  seating  preference,  etc.  using  the  following  scheme.  First,  data  were 
grouped  into  pilot/copilot  and  crewmen  data  and  then  analyzed  by  specific  aircraft.  Data  for 
copilots/gunners  in  attack  aircraft  were  analyzed  separately.  Second,  data  were  collapsed  across 
all  aircraft  and  analyzed  for  trends  and  particular  conclusions.  These  were  reported  as  general 
findings. 
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Figure  24.  360-degree  photograph  for  OH-58A  Kiowa. 


Figure  25.  360-degree  photograph  for  OH-58C  Kiowa. 
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Figure  27.  360-degree  photograph  for  OH-58D  Kiowa. 


Figure  26.  360-degree  photograph  for  OH-58C  Kiowa  (flat  panel). 
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Figure  28.  360-degree  photograph  for  TH-67  Creek. 
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Figure  29.  360-degree  photograph  for  UH-IH  Iroquois. 
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Table  4. 


Demographics  of  utilization  questionnaire  respondents 
for  AH-1  and  AH-64  attack  aircraft. 


Aircraft 

type 

Sex 

Pilot 

flight  hours 

Copilofigunner 
flight  hours 

n 

Aircraft 

Total 

n 

Aircraft 

Total 

AH-1 

M 

7 

3,580 

4,565 

D 

6,880 

9,940 

F 

0 

0 

0 

0 

0 

0 

AH-64 

M 

30 

18,980 

43,300 

11 

2,515 

9,420 

F 

0 

0 

0 

0 

0 

0 

Totals 

M 

37 

22,560 

47,865 

15 

9,395 

19,360 

F 

0 

0 

1 

170 

570 

Note:  All  flight  hours  are  approximate. 


General  findings 


When  data  were  collapsed  across  all  aircraft  and  analyzed,  the  following  general  findings 
were  noted: 

Pilot/copilot 

•  A  majority  of  pilots,  55  percent  (141  of  257),  rated  the  external  viewability  of  their 
respective  aircraft  as  “good”  to  “very  good.”  Thirteen  percent  (33  of 257)  rated  the  aircraft 
viewability  as  “poor”  to  “very  poor.” 

•  The  front  windscreens  are  used  for  all  visual  tasks  in  all  flight  phases,  however  to  a 
lesser  extent  for  targeting  tasks  (except,  as  would  be  expected,  for  the  attack  aircraft). 

•  The  side  windscreens  are  heavily  used  to  perform  the  visual  tasks  of  pilotage,  visual 
orientation,  obstacle  avoidance,  and  aircraft  avoidance  during  terrain  and  above  terrain  flight 
with  additional  usage  for  ground  clearance  and  landing  point  reference  for  the  hover/taxi  flight 
phase. 
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Table  5. 


Demographics  of  utilization  questionnaire  respondents 
nonattack  aircraft. 


Aircraft 

type 

Sex 

n 

Pilot/copilot 
flight  hours 

n 

Crewman 
flight  hours 

Aircraft 

Total 

Aircraft 

Total 

CH-47 

M 

15 

31,650 

52,350 

14 

17,060 

18,950 

F 

0 

0 

0 

0 

0 

0 

OH-6 

M 

6 

4,730 

12,500 

B 

F 

0 

0 

0 

0 

0 

0 

OH-58A 

M 

B 

680 

2,330 

B 

F 

0 

0 

0 

0 

0 

0 

OH-58C 

M 

38 

27,540 

33,430 

5 

1,660 

3,000 

F 

1 

120 

1500 

0 

0 

0 

OH-58D 

M 

5 

10,300 

41,720 

B 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

F 

0 

0 

0 

0 

0 

0 

UH-1 

M 

34 

50,960 

54,110 

10 

6,680 

6,680 

F 

0 

0 

0 

0 

0 

0 

UH-60 

M 

115 

142,370 

263,170 

42 

22,670 

25,370 

F 

2 

575 

675 

0 

0 

0 

Totals 

M 

217 

268,280 

459,610 

71 

48,070 

54,000 

F 

3 

695 

825 

0 

0 

0 

Note:  All  flight  hour  values  are  approximate. 


A 


36 


•  The  overhead  windscreens  are  used  predominately  for  aircraft  clearance,  obstacle 
avoidance,  and  visual  orientation  in  all  flight  phases. 

•  The  chin  bubbles  are  used  predominately  for  obstacle  avoidance,  landing  point 
clearance  (reference),  ground  clearance,  and  visual  orientation. 

•  The  predominate  problem  identified  with  viewability  through  front  and  side 
windscreens  is  that  of  vision  blockage  due  to  cockpit  interior  design  to  include  presence  of 
vertical  and  horizontal  supports. 

•  Typically,  a  third  of  all  pilots  find  the  size  of  overhead  windscreens  to  be  too  small. 

•  Polycarbonate  windscreens  were  cited  as  having  greater  optical  quality  problems  than 
glass  windscreens.  However,  regardless  of  composition,  the  most  outstanding  problem  is  that  of 
surface  scratches  resulting  from  either  the  environment  or  cleaning  methods.  These  scratches  are 
major  contributors  to  the  second  most  frequently  identified  problem  of  haze. 

•  Sixty  percent  (154  of  257)  of  the  pilots  preferred  a  single  continuous  windscreen  design 
with  its  inherent  problem  of  distortion  to  one  of  a  flat  windscreen  with  its  corresponding  vision 
obstructions  from  support  posts. 

•  The  potential  problem  of  an  image  (target)  displacement  due  to  prismatic  deviation  was 
identified  as  a  nonissue,  with  87  percent  (224  of  257)  reporting  not  having  experienced  prismatic 
deviation  problems.  Where  this  problem  was  reported,  the  overhead  windscreen  was  the 
contributing  port. 

•  The  problem  of  flicker  vertigo  was  identified  as  a  non-issue,  with  89  percent  (229  of 
257)  reporting  not  experiencing  this  problem.  Where  reported,  the  windscreen  at  fault  was  the 
overhead  windscreen  and  was  a  nuisance  effect. 

•  Sixty-eight  percent  (175  of  257)  of  the  responding  pilots  were  not  capable  of  reaching 
the  designed  pilot-eye-position  in  their  respective  aircraft;  this  was  due  largely  to  the  fixed  seat 
design  in  the  OH-6  and  OH-5  8Ay C/D  and  various  mechanical  problems  with  the  UH-60  seats. 

•  While  rear-viewing  capability  was  not  cited  as  a  major  issue,  69  percent  (177  of  257) 
did  not  express  a  need  to  view  any  external  components  that  were  not  presently  visible,  29 
percent  (75  of  257)  did  express  the  need  to  view  other  external  components  such  as  tail/rear  area, 
the  rotor  area,  etc.  Suggestions  to  accomplish  these  tasks  included  mirrors,  larger  windows,  and 


Copilot/gunner  (attack  aircraft) 

•  Fifty  percent  (8  of  16)  of  the  front-seated  copilots/gunners  rated  the  external  viewability 
as  “good”  to  “very  good.”  None  rated  the  external  viewability  as  “poor”  or  “very  poor.” 

•  The  front  windscreens  are  used  for  all  visual  tasks  in  all  flight  phases. 

•  The  side  windscreens  are  used  for  all  visual  tasks  in  all  flight  phases,  however  with  a 
noted  decline  in  use  for  target  engagement. 

•  The  overhead  windscreens  are  used  predominately  for  the  task  of  aircraft  clearance  in 
all  flight  phases. 

•  Vision  blockages  due  to  vertical  and  horizontal  supports  were  the  most  cited  problem 
with  the  fi'ont  windscreen.  The  second  most  cited  problem  for  the  front  windscreen  was  the  glare 
from  both  internal  and  external  light  sources.  Glare  from  interior  lights  was  also  the  most  cited 
problem  with  the  side  windscreens.  The  majority  of  copilots/gunners  had  “no  problems”  with 
the  overhead  windscreen. 

•  Scratches  from  the  environment  and  cleaning  methods  with  the  resulting  haze  were  the 
most  prevalent  problems  in  polycarbonate  windscreens. 

•  Fifty  percent  (8  of  16)  preferred  a  flat  windscreen  design  to  one  of  a  single  continuous 

curve. 


•  While  overall  the  copilots/guimers  were  in  favor  of  maintaining  their  current  front  seat 
position  (9  of  16),  75  percent  (3  of  4)  of  the  AH-1  copilots/guimers  expressed  a  preference  to  be 
in  the  aft  seat  as  compared  to  33  percent  (4  of  12)  for  the  AH-64. 

•  Fifty-six  percent  (9  of  16)  had  experienced  additional  external  vision  conflicts  while 
using  helmet-mounted  devices.  This  was  due  largely  to  glare  and  physical  contact  with  the 
support  posts. 

•  Sixty-nine  percent  (11  of  16)  reported  being  unable  to  adjust  the  seat  of  the  aircraft  to 
obtain  an  optimal  pilot-eye-position.  Even  though  the  AH-1  front  seat  is  not  adjustable,  the  AH- 
64,  which  is  adjustable,  provided  the  most  complaints. 

•  Flicker  vertigo  was  not  a  problem  for  88  percent  (14  of  16)  of  the  copilots/guimers. 
However,  review  of  respondents’  comments  indicate  it  was  the  occurrence  of  flicker  being 
reported  rather  than  the  onset  of  flicker  vertigo. 
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•  Twenty-five  percent  (4  of  16)  reported  experiencing  prismatic  deviation  problems. 

Crewmen 

4 

•  Fifty-two  percent  (37  of  71)  of  the  crewmen  rated  the  external  vision  in  their  respective 
aircraft  as  “good”  to  “very  good,”  with  44  percent  (31  of  71)  rating  their  aircraft  “borderline”  to 

^  “very  poor.” 

•  The  rear  ports/door  windows/gunner  windows  are  used  for  all  visual  tasks  in  all  flight 

phases. 

•  The  most  cited  problems  with  the  rear  ports/door  windows/guimer  windows  were  vision 
obstructions  from  support  posts  and  add-on  systems/equipment  and  their  inadequate  size. 

•  Scratches  fi’om  the  environment  and  cleaning  methods  were  the  most  frequently  cited 
problems  with  polycarbonate  windscreens.  Environmental  scratches  and  cracks  comprised  the 
most  frequently  cited  complaints  about  glass  windscreens. 

•  Almost  half,  48  percent  (34  of  71),  of  crewmen  reported  experiencing  additional 
problems  while  using  helmet-moimted  devices,  citing  contact  with  interior  of  aircraft  and  glare  as 
the  most  frequent  problems. 

•  The  potential  problem  of  an  image  (target)  displacement  due  to  prismatic  deviation  was 
identified  as  a  nonissue,  with  82  percent  (58  of  71)  reporting  not  having  experienced  prismatic 
deviation  problems. 

•  While  rear-viewing  capability  was  not  cited  a  major  issue  (75  percent  (53  of  71)  did  not 
express  a  need  to  view  any  external  components  that  are  not  presently  visible),  1 5  percent  (1 1  of 
71)  did  express  the  need  to  view  other  external  components  such  as  tail/rear  area,  the  rotor  area, 
etc.  Suggestions  to  accomplish  these  tasks  included  mirrors,  larger  windows,  and  cameras. 

Specific  aircraft  findings 

In  addition  to  the  generalized  findings  reported  above,  specific  findings  for  each  type  of 
aircraft  were  noted.  These  findings  are  reported  based  on  pilot  and  copilot/gunner  data  for  attack 
aircraft  and  pilot/copilot  and  crewmen  data  for  nonattack  aircraft. 
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AH-1  (Pilot) 


Overall  external  viewabilitv  ^ 

•  Fifty-seven  percent  (4  of  7)  rated  the  overall  viewability  of  the  aircraft  as  “good.” 

Forty-three  percent  (3  of  7)  rated  it  as  “borderline”  to  “poor”  citing  obstructions  by  structural 

supports  and  internal  design  as  the  reason.  ^ 

Tasks 


•  Front  ^vindscreens  are  used  extensively  for  all  visual  tasks  in  all  flight  phases,  however, 
to  a  lesser  degree  for  the  task  of  locating  and  maintaining  landing  point  reference. 

•  Side  windscreens  are  used  for  all  visual  tasks  in  all  flight  phases. 

•  Overhead  windscreens  are  used  primary  for  aircraft  clearance,  visual  orientation,  and 
object  avoidance  tasks. 

Transparencv/windscreen  vision  problems 

•  Obstructions  from  support  posts  and  add-on  equipment/systems  were  the  most  cited 
problems  with  the  front  windscreen.  Other  problems  cited  were  the  glare  from  interior  lights  and 
the  inadequate  size  of  the  front  windscreen. 

Transparencv/windscreen  optical  quality  problems 

•  The  most  frequently  cited  problem  with  polycarbonate  windscreens  was  scratches  from 
cleaning.  Complaints  about  haze  and  scratches  from  the  environment  were  also  numerous.  These 
problems  also  were  noted  in  glass  windscreens. 

Windscreen  design  preference 

•  Fifty-seven  percent  (4  of  7)  preferred  flat  windscreens  with  support  posts  over  one 
continuous  curved  canopy  with  its  related  distortion  problems. 

External  component  viewabilitv 

•  Forty-three  percent  (3  of  7)  expressed  a  need  to  check  additional  external  components 
such  as  the  tail  area,  landing  gear,  and  engine  area  through  the  use  of  mirrors,  cameras,  or  larger 
windows. 
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Prismatic  deviation 


•  Only  14  percent  (1  of  7)  reported  experiencing  prismatic  deviation  problems  with  the 
windscreens. 

Flicker  vertigo 

•  Flicker  vertigo  was  not  a  recurring  problem  for  86  percent  (6  of  7).  However,  review  of 
respondents’  comments  indicate  it  was  the  occurrence  of  flicker  being  reported  rather  than  the 
onset  of  flicker  vertigo. 


Seat  adjustment 

•  Fifty-seven  percent  (4  of  7)  reported  being  able  to  adjust  the  seat  of  the  aircraft  to  reach 
the  optimal  pilot-eye-position.  However,  43  percent  (3  of  7)  are  not  able  to  achieve  the  pilot- 
eye-position  due  to  conflicts  with  the  Helmet  Sight  System(HSS)  and  the  windscreens. 

Seating  preference 

•  Seventy-one  percent  (5  of  7)  preferred  the  placing  of  the  pilot  in  the  aft  seat  with  the 
copilot/gunner  in  the  fi-ont  seat. 

NVG  problem.s 

•  Forty-three  percent  (3  of  7)  of  the  AH-1  pilots  reported  experiencing  additional  external 
vision  problems  when  using  NVGs.  These  problems  included  physical  contact  with  the  • 
windscreens  and  glare. 

AH-1  (Copilot/gunner) 

Overall  external  viewabilitv 

•  Twenty-five  percent  (1  of  4)  rated  the  overall  external  viewability  of  the  aircraft  as 
“good.”  Seventy-five  percent  (3  of  4)  rated  the  external  viewability  as  “borderline,”  questioning 
the  placement  of  support  posts. 

Tasks 


•  Front  windscreens  are  used  extensively  for  all  visual  tasks  in  all  flight  phases. 

•  The  side  windscreens  are  used  extensively  in  all  flight  phases  with  a  noted  decline  in  the 
above  terrain  flight  phase  for  the  tasks  of  ground  clearance  and  target  engagement. 
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•  The  overhead  windscreens  are  used  predominately  for  obstacle  avoidance  and  aircraft 
avoidance  in  all  flight  phases. 

Transparencv/windscreen  vision  problems 

•  All  of  the  AH-1  copilots/gunners  cited  front  and  side  windscreen  problems  with  vision 
blockages  due  to  vertical  and  horizontal  supports  and  glare  from  interior  lights  in  all  phases  of 
flight. 

Transparency/windscreen  optical  quality  problems 

•  Haze  and  scratches  due  to  cleaning  methods  were  reported  as  major  problems  with 
polycarbonate  windscreens.  Other  noted  complaints  were  scratches  on  polycarbonate 
windscreens  from  the  environment  and  distortion. 

Windscreen  design  preference 

•  AH-1  copilots/gunners  were  divided  equally  on  windscreen  design  preference. 

External  component  viewabilitv 

•  Seventy-five  percent  (3  of  4)  of  the  respondents  indicted  that  there  were  external  aircraft 
components  which  they  would  periodically  like  to  view  but  were  unable  to  with  the  current 
design.  Most  expressed  the  need  to  view  the  rear  or  tail  area  of  the  aircraft  and  suggested  the  use 
of  mirrors  to  accomplish  the  task. 

Prismatic  deviation 


•  Seventy-five  percent  (3  of  4)  reported  not  having  experienced  prismatic  deviation 
problems. 

Flicker  vertigo 

•  Half  (2  of  4)  of  the  respondents  noted  a  recurring  problem  with  flicker  vertigo. 
However,  review  of  respondents’  comments  indicate  it  was  the  occurrence  of  flicker  being 
reported  rather  than  the  onset  of  flicker  vertigo. 

Seat  adjustment 

•  Fifty  percent  (2  of  4)  reported  being  unable  to  obtain  the  optimal  pilot-eye-position  due 
to  the  fixed  position  of  the  fi'ont  seat  of  the  aircraft. 
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Seating  preference 


•  Seventy-five  percent  (3  of  4)  preferred  the  placement  of  the  pilot  in  the  front  seat  and 
the  copilot/gunner  in  the  aft  seat. 

Helmet-mounted  system  problems 

•  All  (4  of  4)  reported  experiencing  additional  viewability  problems  when  using  helmet- 
mounted  devices  citing  glare  as  the  reason. 

AH-64  (Pilot) 

Overall  external  viewability 

•  Sixty  percent  (18  of  30)  rated  the  overall  external  viewability  of  the  aircraft  as  "good"  or 
“very  good.”  Six  percent  (2  of  30)  rated  it  as  "poor”  or  “very  poor,”  with  obstructions  due  to 
structural  supports  as  the  main  problem. 

Tasks 


•  Front  windscreens  are  used  extensively  for  almost  all  visual  tasks  in  all  flight  phases 
except  for  ground  clearance  and  locating/maintaining  landing  point  reference. 

•  Side  windscreens  are  used  for  all  visual  tasks  in  all  flight  phases. 

•  Overhead  windscreens  are  used  predominantly  for  the  task  of  aircraft  clearance  and  to  a 
lesser  degree  for  all  other  visual  tasks  during  all  flight  phases. 

Transparency/windscreen  vision  problems 

•  The  most  frequently  cited  problem  was  vision  blockages  due  to  vertical  and  horizontal 
supports.  Obstructions  due  to  basic  internal  design,  such  as  placement  of  circuit  breakers  were 
also  cited  as  a  consistent  problem. 

•  Glare  from  internal  reflections  was  the  second  most  frequently  cited  windscreen 

^  problem. 

Transparency/windscreen  optical  quality  problems 

*'  •  Haze  was  reported  as  a  major  problem  with  polycarbonate  windscreens.  Complaints 

about  scratches  on  polycarbonate  windscreens  resulting  from  cleaning  were  raised  by  75  percent 
(23  of  30). 
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Windscreen  design  preference 


•  AH-64  pilots  showed  a  slight  preference  for  windscreen  designs  with  flat  windows  (15 
of  30)  over  one  with  curved  canopy  (12  of  30). 

External  component  viewabilitv 

•  Sixty  percent  (1 8  of  30)  indicated  that  there  were  external  aircraft  components  which 
they  would  periodically  like  to  view  but  were  unable  to  with  current  design.  Some  AH-64  pilots 
suggested  the  use  of  mirrors  to  view  the  tail  or  rear  area  of  the  aircraft.  Others  expressed  the 
desire  to  view  various  other  areas  such  as  the  nose  box,  wheels,  guns,  and  refuel  area. 

Prismatic  deviation 


•  Ten  percent  (3  of  30)  reported  experiencing  prismatic  deviation  problems  with 
windscreens. 

Flicker  vertigo 

•  Flicker  vertigo  was  not  a  recurring  problem  for  83  percent  (25  of  30)  of  the  responding 
pilots.  Thirteen  percent  (4  of  30)  reported  experiencing  problems  through  the  overhead 
windscreens.  However,  review  of  respondents’  comments  indicate  it  was  the  nuisance 
occurrence  of  flicker  being  reported  rather  than  the  onset  of  flicker  vertigo. 

Seat  adjustment 

•  Eighty-three  percent  (25  of  30)  reported  having  no  difficulty  in  properly  adjusting  seat 
height  to  obtain  optimiun  pilot-eye-position. 

Seating  preference 

•  AH-64  pilots  reported  only  a  small  difference  between  a  preference  for  the  pilot  being 
in  the  front  seat  (15  of  30)  and  the  pilot  being  in  the  aft  seat  (13  of  30). 

Helmet-mounted  device  problems 

•  Twenty  percent  (6  of  30)  cited  encountering  restrictions  of  movement  when  using 
helmet-mounted  devices  (IHADSS). 
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AH-64  (Copilot/gunner) 

Overall  external  viewabilitv 


•  Fifty-eight  percent  (7  of  12)  rated  the  overall  external  viewability  as  "good"  or  “very 
good.”  The  remainder,  forty-two  percent  (5  of  12),  rated  the  viewability  as  "borderline,"  citing 
the  presence  of  the  large  structural  supports  as  the  major  reason. 

Tasks 

•  The  front  windscreens  are  used  extensively  for  all  visual  tasks  in  all  flight  phases  with  a 
noted  decline  in  above  terrain  flight  for  the  task  of  groimd  clearance. 

•  The  side  windscreens  are  used  extensively  for  all  visual  tasks  in  all  flight  phases  with  a 
noted  increase  in  usage  for  visual  orientation. 

•  The  overhead  windscreens  are  used  predominantly  for  aircraft  clearance  in  all  flight 

phases. 

Transparencv/windscreen  vision  problems 

•  The  copilot/gunners  reported  fewer  visual  problems  than  the  aft-seated  pilot.  However, 
vision  blockages  due  to  interior  design  and  horizontal  and  vertical  supports  were  frequently  cited 
complaints. 

Transparencv/windscreen  optical  quality  problems 


•  Windscreen  problems,  specifically  scratches,  were  a  dominating  compliant. 
Windscreen  design  preference 

•  Fifty  percent  (6  of  12)  preferred  a  flat  windscreen  design  with  support  posts  over  one 
continuous  windscreen  v^th  related  distortion  problems  (3  of  12). 

w  External  component  viewabilitv 

•  Fifty-eight  percent  (7  of  12)  did  not  feel  the  need  to  view  any  external  components  that 
are  not  visible  under  present  conditions.  However,  25  percent  (3  of  12)  did  express  the  need  to 

*  view  the  engines. 
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Prismatic  deviation 


•  Twenty-five  percent  (3  of  12)  reported  having  experienced  prismatic  deviation 
problems. 

Flicker  vertigo 

•  None  (0  of  12)  of  the  AH-64  copilots/gunners  reported  having  experiencing  flicker 

vertigo. 

Seat  adjustment 

•  Only  25  percent  (3  of  12)  of  the  respondents  reported  the  adjustment  capability  of  the 
seat  to  be  adequate. 

Seating  preference 

•  Sixty-six  percent  (8  of  12)  preferred  the  seating  of  the  pilot  in  the  aft  seat  with  the 
copilot/gunner  in  the  front  seat. 

Helmet-mounted  device  problems 

•  Forty-two  percent  (5  of  12)  reported  having  experienced  problems  due  to  contact  of 
helmet-mounted  systems  (IHADSS)  with  add-on  systems. 


CH-47  (Pilot/copilot) 

Overall  external  viewabilitv 


•  Eighty-six  percent  (13  of  15)  rated  the  overall  external  viewability  of  the  aircraft  as 
"good"  or  “very  good.”  Thirteen  percent  (2  of  15)  rated  it  as  "borderline,"  citing  the  imbedded 
deicing  system  as  a  problem. 

Tasks 

•  The  front  and  side  windscreens  are  used  for  all  visual  tasks  in  all  flight  phases,  however 
to  a  significantly  lesser  degree  for  targeting  tasks. 

k 

•  Overhead  windscreens  are  used  primarily  for  the  task  of  aircraft  clearance  in  all  flight 

phases. 
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•  Chin  bubbles  are  used  predominately  for  the  visual  tasks  of  obstacle  avoidance,  ground 
clearance,  landing  point  clearance  (reference),  and  visual  orientation. 

*  Transparencv/windscreen  vision  problems 

•  The  most  frequently  reported  problems  with  windscreens  were  glare  from  internal 

^  sources  and  vision  blockage  due  to  interior  design  and  structural  supports. 

Transparencv/windscreen  optical  quality  problems 

•  The  polycarbonate  windscreens  were  a  major  source  of  complaints  with  the  highest 
frequency  of  complaints  being  due  to  scratches  and  crazing. 

Windscreen  design  preference 

•  CH-47  pilots  did  not  have  a  clear  consensus  for  preference  between  a  flat  windscreen 
design  (7  of  15)  and  a  continuous  one-piece  design  (6  of  15). 

External  component  viewabilitv 

•  Thirteen  percent  (2  of  15)  reported  the  need  to  view  additional  external  components  that 
are  not  presently  viewable. 

Prismatic  deviation 

•  Thirteen  percent  (2  of  15)  reported  experiencing  prismatic  deviation  problems. 

Flicker  vertigo 

•  Thirteen  percent  (2  of  15)  reported  experiencing  problems  with  flicker  vertigo. 
However,  review  of  respondents’  comments  indicate  it  was  the  nuisance  occurrence  of  flicker 
being  reported  rather  than  the  onset  of  flicker  vertigo. 

Seat  adjustment 

'f  •  Eighty  percent  (12  of  15)  reported  the  ability  to  achieve  an  optimal  pilot-eye-position. 

The  remaining  20  percent  (3  of  15)  cited  problems  with  being  able  to  see  over  the  glare  shield. 

^  NVG  problems 

•  Twenty-seven  percent  (4  of  15)  reported  experiencing  problems  with  NVGs  contacting 
the  window  posts. 
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CH-47  (Crewmen) 


Overall  external  viewabilitv 

- ^  'p- 

•  Seventy-one  percent  (10  of  14)  rated  the  overall  viewability  of  the  aircraft  as  “good.” 

Twenty-eight  percent  (4  of  14)  rated  the  total  external  vision  as  “borderline”  to  “very  poor,” 

citing  the  size  of  the  windows  and  the  placement  of  seats  as  contributing  factors.  v 

Tasks 


•  The  rear  ports/door  windows/gunner  windows  are  used  in  all  flight  phases  for  all  visual 
tasks  except  pilotage  (a  noncrew  task).  However,  there  was  a  significant  decline  for  targeting 
tasks. 


•  The  bubble  windows  in  the  fuselage  of  the  CH-47  are  used  for  all  visual  tasks  except 
pilotage  (a  noncrew  task)  and  with  a  significant  decline  in  usage  for  targeting  tasks. 

Transparencv/windscreen  vision  problems 

•  The  most  significant  complaint  with  the  rear  ports/door  windows/gunner  windows  was 
the  size  of  the  windows  being  too  small. 

•  Forty-three  percent  (6  of  14)  noted  the  area  of  the  bubble  window  in  the  fuselage  as  too 

small. 

Transparency/windscreen  optical  quality  problems 

•  Haze  and  scratches  from  cleaning  were  major  problems  with  polycarbonate 
windscreens.  Complaints  about  scratches  from  the  environment  and  crazing  on  polycarbonate 
windscreens  were  cited  by  57  percent  (8  of  14). 

External  component  viewabilitv 

•  All  (14  of  14)  were  satisfied  with  the  current  capability  to  view  exterior  components  of 
the  aircraft. 

f 

Prismatic  deviation 


•  Fourteen  percent  (2  of  14)  reported  having  experienced  prismatic  deviation  problems. 
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NVG  problems 


•  Eighty-six  percent  (12  of  14)  reported  experiencing  problems  with  NVGs  contacting  the 
bubble  window  in  the  fuselage  during  use. 

OH-6  (Pilot/copilot) 

Overall  external  viewabilitv 

•  One  hundred  percent  (6  of  6)  rated  the  overall  external  viewability  of  the  OH-6  as  "very 

good." 

Tasks 


•  Front  windscreens  are  used  extensively  for  all  visual  tasks  in  all  flight  phases. 

•  “Side  windscreens”  are  used  for  all  visual  tasks  in  all  flight  phases.  Note:  OH-6  aircraft 
are  routinely  flovra  without  the  doors. 

•  Overhead  windscreens  are  used  predominantly  for  the  tasks  of  obstacle  avoidance, 
aircraft  clearance,  visual  orientation,  and,  to  a  lesser  extent,  targeting  tasks. 

•  Chin  bubbles  are  used  predominantly  for  pilotage,  obstacle  avoidance,  and  visual 
orientation  while  performing  terrain  and  above  terrain  flight  and  obstacle  avoidance,  landing 
point  clearance  (reference),  and  ground  clearance  in  the  hover/taxi  flight  phase. 

Transparencv/windscreen  vision  problems 

•  Only  minimal  problems  with  windscreens  were  reported.  These  included  glare  and 
distortion. 

Transparencv/windscreen  vision  problems 

•  Scratches  fi’om  the  environment  (4  of  6)  and  cracks  (3  of  6)  were  the  most  frequently 
cited  problems  with  OH-6  windscreens. 

Windscreen  design  preference 

•  All  (6  of  6)  of  the  OH-6  respondents  indicated  a  preference  for  one  continuous 
windscreen  with  related  distortion  problems  over  flat  windscreens  with  support  posts. 
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External  component  viewabilitv 


•  Eighty-three  percent  (5  of  6)  did  not  express  the  need  to  view  additional  external 
components  that  are  not  presently  viewable. 

Prismatic  deviation 

•  None  of  the  OH-6  pilots  responding  had  experienced  prismatic  deviation  due  to  the 
location  of  a  window. 

Flicker  vertigo 

•  Flicker  vertigo  was  not  a  recurring  problem  for  any  of  the  OH-6  pilots  responding. 
Seat  adjustment 

•  Due  to  seats  that  are  not  adjustable,  none  of  the  OH-6  pilots  were  able  to  obtain  pilot- 
eye-position. 

NVG  problems 

•  Sixty-six  percent  (4  of  6)  reported  viewability  problems  when  using  NVGs.  One  cited 
problem  was  the  contact  of  the  NVGs  with  the  posts. 

OH-58A  (Pilot/copilot) 

Overall  external  viewabilitv 


•  Seventy-five  percent  (3  of  4)  rated  the  overall  viewability  of  the  aircraft  as  “good”  or 
“very  good.”  Twenty-five  percent  (1  of  4)  rated  the  viewability  of  the  aircraft  as  “borderline.” 

Tasks 


•  The  fi'ont  windscreens  are  used  extensively  in  terrain  flight  but  to  a  significantly  lesser 
degree  for  ground  clearance  and  targeting  tasks  in  above  terrain  and  hover/taxi  flight  phases. 

f 

•  Side  windscreens  are  used  predominantly  for  aircraft  avoidance,  pilotage,  and  obstacle 
avoidance  in  terrain  and  above  terrain  flight  phases.  Ground  clearance  and  obstacle  avoidance  are 

the  predominate  tasks  performed  using  the  side  windscreens  in  the  hover/taxi  flight  phases.  ^ 

•  Overhead  windscreens  are  used  predominantly  for  obstacle  avoidance  in  terrain  and 
above  terrain  flight  phases  and  aircraft  clearance  in  the  hover/taxi  flight  phase. 
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•  Chin  bubbles  are  used  primary  for  the  visual  tasks  of  obstacle  avoidance,  landing  point 
clearance  (reference),  ground  cleaiance,  and  visual  orientation  for  all  flight  phases. 

Transparencv/windscreen  vision  problems 

•  Obstructions  from  support  post  and  interior  design  were  the  most  frequently  cited 
problems  with  the  front  windscreen  in  OH-5  8 A  aircraft. 

•  In  all  phases  of  flight,  the  most  cited  complaint  with  the  side  windscreens  was  the 
inadequate  size  of  the  windscreen. 

•  Fifty  percent  (2  of  4)  noted  problems  with  the  inadequate  size  of  the  chin  bubbles  in  the 
aircraft. 

Transparencv/windscreen  optical  quality  problems 

•  All  of  the  OH-5  8  A  pilots  reported  problems  with  scratches  due  to  cleaning  Avith 
polycarbonate  windscreens;  seventy-five  percent  (3  of  4)  noted  problems  vdth  distortion. 

Windscreen  design  preference 

•  OH-5  8 A  pilots  did  not  have  a  clear  consensus  for  preference  between  flat  vvdndscreens 
with  support  posts  (2  of  4)  and  one  continuous  windscreen  with  related  distortion  problems  (2  of 
4). 

External  component  viewability 

•  Fifty  percent  (2  of  4)  reported  the  need  to  view  additional  external  components,  usually 
the  tail  area. 

Prismatic  deviation 


•  None  of  the  OH-58A  pilots  reported  having  experienced  prismatic  deviation  problems. 
Flicker  vertigo 

•  Flicker  vertigo  was  not  a  problem  for  any  of  the  OH-58  A  pilots  responding. 

Seat  adjustment 

•  Seventy-five  percent  (3  of  4)  were  not  able  to  achieve  optimal  pilot-eye-position  with 
the  nonadjustable  OH-58  aircraft  seats. 
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NVG  problems 


•  Seventy-five  percent  (3  of  4)  reported  having  had  additional  problems  with  NVGs, 
usually  contact  with  the  side  doors. 


OH-58C  (Pilot/copilot)  v 

Overall  external  viewabilitv 

•  Sixty-one  percent  (24  of  39)  rated  the  aircraft  as  having  overall  viewability  as  “good”  or 
“very  good.”  Thirty-eight  percent  (15  of  39)  rated  the  visual  field  as  “borderline”  to  “poor,” 
citing  obstructions  by  various  internal  components. 

Tasks 


•  The  front  windscreens  are  used  extensively  in  terrain  flight ,  with  a  marked  decline  for 
target  engagement  in  the  hover/taxi  flight  phase  and  ground  clearance,  target  engagement,  and 
landing  point  reference  in  above  terrain  flight. 

•  The  side  windscreens  are  used  for  all  visual  tasks  in  all  flight  phases  and  to  a  lesser 
degree  for  targeting  tasks. 

•  The  overhead  windscreens  are  used  predominantly  for  aircraft  clearance  in  all  flight 

phases. 


•  The  chin  bubbles  are  used  predominantly  for  obstacle  avoidance,  landing  point 
clearance  (reference),  and  ground  clearance  in  all  flight  phases. 

Transparency/windscreen  vision  problems 

•  Obstructions  from  support  post  were  the  most  cited  problems  with  the  front  windscreen. 

Other  significant  problems  cited  were  obstructions  in  interior  design  and  add-on  systems  and 
glare  from  lights. 

•  The  majority  rated  the  overhead  windscreen  as  inadequate  in  size.  ^ 

Transparencv/windscreen  optical  quality  problems 

•  The  most  cited  problems  with  polycarbonate  windscreens  were  scratches  fi'om  the 
environment,  distortion,  and  haze.  Complaints  about  scratches  on  polycarbonate  windscreens 
resulting  from  cleaning  were  reported  by  85  percent  (33  of  39)  of  OH-58C  pilots. 


52 


Windscreen  design  preference 


•  Ninety  percent  (35  of  39)  preferred  a  single  continuous  curved  windscreen  design  with 
its  potential  distortion  problems  over  flat  windows  with  support  posts. 

External  component  viewabilitv 

•  Twenty-one  percent  (9  of  39)  reported  having  the  need  to  view  external  components 
such  as  the  tail  area  and  armament.  Suggested  methods  included  the  use  of  mirrors,  larger 
windows,  rear  windows,  or  another  design. 

Prismatic  deviation 

•  Eighteen  percent  (7  of  39)  reported  having  experienced  prismatic  deviation  problems 
through  the  chin  bubbles  or  the  side  windows. 

Flicker  vertigo 

•  Fifteen  percent  (6  of  39)  reported  having  experienced  flicker  vertigo  problems  with  the 
greenhouse  (overhead)  window.  However,  review  of  respondents’  comments  indicate  it  was  the 
nuisance  occurrence  of  flicker  being  reported  rather  than  the  onset  of  flicker  vertigo. 

Seat  adjustment 

•  Ninety-five  percent  (37  of  39)  were  unable  to  reach  optimal  pilot-eye-position  for  their 
aircraft  due  to  the  OH-58C’s  nonadjustable  seats. 

NVG  problems 

•  When  using  NVGs,  54  percent  (21  of  39)  reported  having  experienced  problems  with 
contact  vvith  the  interior  of  the  aircraft. 

OH-58C  (Crewmen) 

Overall  external  viewabilitv 

•  Sixty  percent  (3  of  5)  rated  the  overall  viewability  of  the  aircraft  as  “borderline”  to 
“very  poor,”  citing  the  interference  of  too  many  add-on  systems  to  the  aircraft.  Forty  percent  (2 
of  5)  rated  the  overall  viewability  as  “good.” 
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Tasks 


•  The  rear  ports/door  windows/gunner  windows  and  the  front  windscreens  are  used 
extensively  for  all  visual  tasks  in  all  flight  phases.  However,  there  is  a  significant  decline  in 
usage  for  the  tasks  of  target  engagement  and  checking  the  aircraft  for  mechanical  and  safety 
problems. 

Transparencv/windscreen  vision  problems 

•  Vision  blockages  due  to  interior  design  was  the  most  frequently  cited  problem,  with 
values  as  1 00  percent  for  some  flight  modes. 

•  The  most  frequently  cited  problems  with  the  rear  ports/door  windows/gunner  windows 
were  glare  from  interior  lights  and  obstructions  from  interior  design.  Obstructions  from  vertical 
and  horizontal  supports  and  the  limited  size  of  the  view  ports  were  also  cited  as  consistent 
problems. 

Transparency/windscreen  optical  quality  problems 

•  Haze  and  scratches  from  cleaning  were  reported  as  major  problems  with  polycarbonate 
windscreens.  Complaints  about  scratches  from  the  environment  on  polycarbonate  windscreens 
were  raised  to  80  percent  (4  of  5)  of  the  respondents. 

External  component  viewabilitv 

•  Forty  percent  (2  of  5)  expressed  the  need  to  view  external  components  of  the  aircraft 
that  are  not  presently  visible.  Suggestions  were  made  to  utilize  mirrors,  larger  windows  or  new 
windows  to  view  the  skids. 

Prismatic  deviation 


•  Twenty  percent  (1  of  5)  had  experienced  prismatic  deviation  problems. 

NVG  problems 

•  Eighty  percent  (4  of  5)  reported  movement  limitations  when  using  NVGs  in  the  aircraft. 
The  majority  of  these  problems  were  related  to  contact  from  add-on  systems. 
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OH-58D  (Pilot/copilot) 

Overall  external  viewabilitv 


•  Eighty  percent  (4  of  5)  rated  the  overall  external  viewability  as  “good”  or  “very  good.” 
Twenty  percent  (1  of  5)  rated  the  viewability  as  “borderline,”  citing  the  position  of  the  PDU 

^  (Pilot’s  Display  Unit)  system  as  the  reason. 

Tasks 

•  The  front  windscreens  are  used  for  all  visual  tasks  in  all  flight  phases  but  to  the  highest 
extent  in  the  hover/taxi  flight  phase. 

•  The  side  windscreens  are  used  predominantly  for  obstacle  avoidance,  reconnaissance, 
visual  orientation,  and  aircraft  avoidance  in  all  flight  phases. 

•  The  overhead  windscreens  are  utilized  to  a  lesser  degree  than  other  OH-58D 
windscreens;  however,  the  primary  tasks,  when  used,  are  for  aircraft  clearance  and  visual 
orientation. 

•  The  chin  bubbles  are  used  predominantly  for  the  visual  tasks  of  obstacle  avoidance, 
grormd  clearance,  and  visual  orientation  in  all  flight  phases. 

Transparency/windscreen  vision  problems 

•  Blockage  due  to  interior  design  of  aircraft  was  the  most  commonly  reported  problem 
with  viewing  out  of  chin  bubbles. 

Transparencv/windscreen  optical  quality  problems 

•  Distortion  in  the  front  windscreens  due  to  the  imbedded  moisture  removal  systems  and 
blockage  due  to  vertical  and  horizontal  supports  were  the  most  frequently  experienced 
viewability  problems. 

•  Scratches  due  to  cleaning  methods  and  the  environment  were  reported  as  a  major 

^  problem. 

Windscreen  design  preference 

*  •  All  (5  of  5)  of  the  OH-58D  crewmen  respondents  indicated  a  preference  for  one 

continuous  windscreen  with  related  distortion  problems  over  flat  windscreens  with  support  posts. 
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External  component  viewability 


•  Eighty  percent  (4  of  5)  did  not  feel  the  need  to  view  additional  external  components  that 
are  not  presently  viewable. 

Prismatic  deviation 

•  None  of  the  OH-58D  pilots  responding  had  experienced  prismatic  deviation  due  to  the 
location  of  a  window. 

Flicker  vertigo 

•  None  of  the  OH-58D  pilots  responding  had  experienced  flicker  vertigo  problems  due  to 
the  location  of  a  window. 

Seat  adjustment 

•  Eighty  percent  (4  of  5)  were  unable  to  obtain  an  optimal  pilot-eye-position.  Note:  The 
OH-58D  does  not  have  adjustable  seats. 

NVG  problems 

•  Eighty  percent  (4  of  5)  have  experienced  viewability  problems  when  using  NVGs. 

UH-1  (Pilot/copilot) 

Overall  external  viewability 

•  Ninety-four  percent  (32  of  34)  rated  the  overall  viewability  of  the  aircraft  as  “good”  or 
“very  good.”  Six  percent  (2  of  34)  rated  the  viewability  as  “borderline”  to  “poor,”  giving  no 
qualifying  statement. 

Tasks 


•  The  front  windscreens  are  used  predominantly  for  the  visual  tasks  of  pilotage,  obstacle 
avoidance,  aircraft  avoidance,  and  visual  orientation  for  all  flight  phases. 

•  The  side  windscreens  are  used  predominantly  for  the  visual  tasks  of  obstacle  avoidance, 
aircraft  avoidance,  and  visual  orientation  in  all  flight  phases.  However,  there  is  a  noted  increase 
in  the  visual  task  of  pilotage  in  terrain  and  above  terrain  flight. 

•  The  overhead  windscreens  are  used  predominantly  for  aircraft  clearance  in  all  flight 

phases. 
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•  The  chin  bubbles  are  used  predominantly  to  perform  the  visual  tasks  of  obstacle 
avoidance,  landing  point  clearance  (reference),  and  ground  clearance  for  terrain  and  hover/taxi 
flight  phases,  additionally,  the  task  of  aircraft  avoidance  for  above  terrain  flight. 

Transparency/windscreen  vision  problems 

^  •  The  majority  experienced  no  problems  with  the  windscreens  in  all  phases  of  flight  in  the 

aircraft. 

Transparency/windscreen  optical  quality  problems 

•  UH-1  pilots  listed  scratches  from  cleaning  as  the  most  frequent  problem  with 
polycarbonate  windscreens.  Other  problems  cited  were  scratches  from  the  environment  and 
crazing.  The  most  cited  problem  with  glass  windscreens  was  scratches  from  the  environment. 

Windscreen  design  preference 

•  Fifty-six  percent  (19  of  34)  preferred  a  single  continuous  curved  windscreen  design  with 
inherent  distortion  problems  over  preferred  flat  windows  with  support  posts  [29  percent  (10  of 
34)]. 

External  component  viewabilitv 

•  Twenty-one  percent  (7  of  34)  express  the  need  to  view  the  tail  area  of  the  aircraft. 
Prismatic  deviation 

•  Three  percent  (1  of  34)  reported  having  experienced  prismatic  deviation  problems. 
Flicker  vertigo 

•  Nine  percent  (3  of  34)  of  the  UH-1  pilots  reported  flicker  vertigo  as  a  problem. 
However,  review  of  respondents’  comments  indicate  it  was  the  nuisance  occurrence  of  flicker 
being  reported  rather  than  the  onset  of  flicker  vertigo. 

f  Seat  adjustment 

•  Eighteen  percent  (6  of  34)  reported  being  im  able  to  adjust  their  seat  to  optimal  pilot- 
eye-position. 
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NVG  problems 


•  Thirty-two  percent  (1 1  of  34)  reported  having  experienced  problems  with  external  ^ 

vision  when  using  NVGs. 

UH-1  (Crewmen) 

V 

Overall  external  viewabilitv 


•  Ninety  percent  (9  of  10)  of  rated  the  overall  visual  field  of  the  aircraft  as  “good”  to 
“very  good.” 

Tasks 


•  The  rear  ports/door  windows/gunner  windows  and  the  front  windscreens  are  used  for  all 
visual  tasks  in  all  flight  phases. 

Transparencv/windscreen  vision  problems 

•  Few  problems  were  reported.  The  most  frequently  cited  was  vision  blockage  due  to 
interior  design. 

Transparency/windscreen  optical  quality  problems 

•  Scratches  from  cleaning  was  the  most  cited  problem  with  polycarbonate  windscreens. 

Problems  with  crazing  and  scratches  from  the  environment  also  were  cited. 

External  component  viewability 

•  Ten  percent  (1  of  10)  reported  the  need  to  visually  check  any  external  qomponent  that 
are  not  presently  visible. 

Prismatic  deviation 

•  There  were  no  reports  (0  of  1 0)  of  prismatic  deviation  problems. 

f 

NVG  problems 

•  Fifty  percent  (5  of  1 0)  reported  experiencing  problems  when  using  NVGs.  Contact  with  ^ 

windows  and  glare  from  interior  light  when  the  cargo  doors  were  closed  were  reasons  given  for 

some  of  the  problems. 
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UH-60  (Pilot/copilot) 


Overall  external  viewability 

•  Thirty-three  percent  (39  of  1 17)  rated  the  overall  viewability  as  “good”  or  “very  good.” 
Sixty-seven  percent  (78  of  1 17)  rated  the  overall  viewability  of  the  aircraft  from  “borderline”  to 

^  “very  poor,”  citing  obstructions  due  to  structural  supports  and  interior  design  as  the  main 

problems. 

Tasks 

•  The  front  and  side  windscreens  are  used  extensively  for  all  visual  tasks  in  all  flight 

phases. 

•  The  overhead  windscreens  are  used  predominantly  for  the  visual  task  of  aircraft 
clearance  in  terrain  and  hover/taxi  flight  phases  and  to  a  lesser  degree  in  above  terrain  flight. 

•  The  chin  bubbles  are  used  predominantly  for  the  visual  tasks  of  obstacle  avoidance, 
landing  point  clearance  (reference),  and  ground  clearance  in  terrain  and  hover/taxi  flight  phases 
and  to  a  lesser  extent  in  above  terrain  flight. 

Transparencv/windscreen  vision  problems 

•  Most  problems  with  the  front  and  side  windscreens  were  attributed  to  vision  blockages 
due  to  support  posts  and  interior  design  in  UH-60  aircraft.  The  majority  of  pilots  expressed  no 
problems  with  the  overhead  windscreens.  From  42  to  57  percent,  depending  on  mode  of  flight, 
identified  the  chin  bubbles  as  being  inadequate  in  size  (too  small). 

Transparencv/windscreen  optical  quality  problems 

•  UH-60  pilots  cited  most  often  problems  with  scratches  from  the  environment.  Other 
noted  problems  were  haze,  distortion,  and  additional  scratches  from  cleaning.  The  most  cited 
problem  with  glass  windscreens  was  cracking  with  other  frequent  problems  being  chipping, 
scratches  from  the  environment  and  cleaning. 

w  Windscreen  design  preference 

•  Fifty-eight  percent  (56  of  1 17)  preferred  a  single  continuous  windscreen  design  with  its 
inherent  distortion  problems  to  the  flat  windscreen  design  with  support  posts  [35  percent  (41  of 

^  117)]. 
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External  component  viewabilitv 


•  Twenty-nine  percent  (34  of  1 1 7)  expressed  the  need  to  view  the  tail  area,  sling  loads, 
and  landing  gear.  Suggested  methods  to  achieve  this  included  the  use  of  mirrors,  larger  bubbles, 
and  cameras. 

Prismatic  deviation  v 


•  Eight  percent  (9  of  1 17)  reported  having  experienced  prismatic  deviation  problems  with 
the  windscreens. 

Flicker  vertigo 

•  Seven  percent  (8  of  1 17)  of  UH-60  pilots  reported  flicker  vertigo  as  a  problem. 
However,  review  of  respondents’  comments  indicate  it  was  the  nuisance  occurrence  of  flicker 
being  reported  rather  than  the  onset  of  flicker  vertigo. 

Seat  adjustment 

•  Ninety-three  percent  (109  of  1 1 7)  reported  being  imable  to  adjust  the  seat  in  the  UH-60 
to  achieve  the  designed  optimal  pilot-eye-position.  Difficulty  with  the  seat  adjustment 
mechanism,  poor  seat  positioning,  and  too  many  obstructions  were  listed  as  contributing  factors. 

NVG  problems 

•  Thirty-six  percent  (42  of  1 17)  reported  having  experienced  additional  problems  using 
NVGs,  citing  contact  with  the  interior  of  the  cockpit. 

UH-60  (Crewman) 

Overall  external  viewabilitv 


•  Fifty-eight  percent  (24  of  42)  rated  the  overall  viewability  of  the  aircraft  as  “borderline” 
to  “very  poor,”  citing  the  justification  as  obstructions  from  support  posts  and  interior 
components.  Thirty-eight  (16  of  42)  rated  the  overall  viewability  as  “good.” 

Tasks 


•  The  rear  ports/door  windows/guimer  windows  and  the  front  windscreens  are  used  for  all 
visual  tasks  in  all  flight  phases. 
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Transparencv/windscreen  vision  problems 


•  Obstructions  from  support  post  and  add-on  systems/equipment  were  the  most  frequently 
cited  problems  with  the  rear  ports/door  windows/gunner  windows.  The  size  of  the  view  ports, 
obstructions  due  to  interior  design,  and  distortion  due  to  curvature  also  were  identified  as 
additional  problems. 

Transparencv/windscreen  optical  quality  problems 

•  Problems  cited  most  frequently  for  polycarbonate  windscreens  included  haze  and 
scratches  from  the  environment  and  cleaning.  The  most  cited  problem  for  glass  windscreens  was 
scratches  from  the  environment. 

External  component  viewability 

•  Twenty-one  percent  (9  of  42)  expressed  the  need  to  visually  check  external  aircraft 
components  that  are  not  presently  visible.  These  components  include  the  tail,  landing  gear,  and 
sling  loads. 

Prismatic  deviation 

•  Seventeen  percent  (4  of  24)  reported  having  experienced  prismatic  deviation  problems 
with  the  green  house  windows  and  cockpit  doors  windows. 

NVG  problems 

•  Thirty-three  percent  (14  of  42)  reported  vision  problems  when  using  NVGs.  Problems 
cited  include  interior  glare  and  contact  v^th  windows. 

Visual  ports  as  a  factor  in  U.S.  Army  rotarv-wing  accidents 

The  size  and  placement  of  visual  ports  in  aircraft  and  the  resulting  external  vision  are 
important  factors  in  safety  and  the  efficient  operation  in  such  a  visually  intensive  task  as  rotary- 
wing  flight. 

To  investigate  the  role  of  visual  ports  as  a  factor  in  U.S.  Army  rotary- wing  accidents,  the 
U.S.  Army  Safety  Center,  Fort  Rucker,  Alabama,  was  asked  to  perform  a  search  of  its  accident 
data  base  for  the  occurrence  of  Class  A-C  accidents  for  the  period  of  FY80-1 8MAY95.  The 
search  was  implemented  using  the  following  keywords:  field-of-view,  visibility,  visual  field, 
external  vision,  visual  limitation,  and  blind  spot. 
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For  the  search  parameters  cited  above,  14  accidents  were  identified.  Of  these,  only  three 
accidents  had  external  vision  listed  as  a  “present  and  contributing  factor.”  Two  involved  UH-60 
aircraft;  one  involved  an  AH-64  aircraft.  Air  frame  restrictions  and  blind  spots  were  the 
descriptive  terms  used  to  define  the  contributing  factors  in  these  accidents.  In  the  other 
accidents,  reduced  visibility  resulting  in  almost  all  cases  from  glare  and  rain/fog  was  listed  as  a 
factor.  Table  6  classifies  all  identified  accidents  by  aircraft  type  and  accident  class.  A  synopsis 
of  each  accident  is  given  in  Appendix  G.  v 


Table  6. 


Accidents  by  aircraft  type. 


Accident 

class 

AH-1 

AH-64 

CH-47 

Aircraft  type 
OH-6  OH-58 

TH-67 

UH-1 

UH-60 

A 

0 

0 

0 

0 

0 

0 

0 

2* 

B 

0 

0 

0 

0 

1 

0 

0 

0 

C 

2 

1* 

0 

0 

7 

0 

1 

1 

Totals 

2 

1 

0 

0 

8 

0 

1 

3 

*  Accidents  where  external  vision  was  cited  as  a  present  and  contributing  factor. 


Discussion  and  summary 

This  report  documents  the  location  and  extent  of  visual  ports  in  the  nine  fielded  U.S. 
Army  rotary-wing  aircraft  models.  This  was  accomplished  through  a  compilation  of  visual  plots 
from  various  U.S.  Army  and  manufacturer  sources  and  special  360-degree  photographs 
representing  available  visual  fields  from  a  typical  pilot-eye  position.  Additionally,  344  pilots  and 
crewmen  were  surveyed  as  to  their  opinion  on  use,  problems,  and  design  preferences  of 
windows/windscreens  for  their  respective  aircraft.  Finally,  a  review  of  accident  data  was 
conducted  to  identify  incidents  where  impaired  external  vision  was  cited  as  a  contributing  factor. 


Visual  plots  and  photographic  documentation 

When  the  representative  visual  fields  as  depicted  in  the  360-degree  photographs  (left  seat 
for  nonattack,  rear  seat  for  attack)  are  compared  to  the  visual  plots  reproduced  from  the 
respective  specifications,  an  assessment  of  external  viewability  and  potential  problems  can  be 
performed.  The  effect  of  tandem  seating  on  viewability  is  obvious  for  the  AH-1  and  AH-64 
(Figures  20-21  and  A-1,  A-2).  First,  there  is  the  symmetry  in  the  available  visual  field,  providing 
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equal  viewing  capability  out  of  both  sides  of  the  aircraft.  Second,  the  presence  of  vision 
blockages  due  to  support  struts  is  very  prominent,  a  major  source  of  complaints  documented  by 
the  questionnaire  data. 

For  the  nonattack  aircraft  with  side-by-seating,  photographs  and  vision  plots  illustrate  the 
reduced  side  vision  available  on  the  alternate  side.  This  is  persuasive  evidence  for  the  need  of 
increased  crew  coordination  for  this  seating  design.  As  with  the  attack  aircraft,  the  presence  of 
blockages  from  support  struts  is  obvious. 

Questionnaire  data  rated  the  OH-6  and  the  UH-60  as  the  best  and  worst  for  overall 
viewability,  respectively.  These  ratings  are  borne  out  by  the  photographs  and  vision  plots.  Due 
to  its  small  size,  the  OH-6  (Figures  4  and  A-4)  has  the  narrowest  support  struts  and  increased 
overhead  and  alternate  side  visual  fields.  In  contrast,  the  UH-60  (Figures  10  and  A- 10)  has 
extremely  limited  vertical  and  alternate  side  visual  fields. 


Utilization  questionnaires 

Questionnaire  data  were  grouped  as  pilot/copilot,  copilot/gunner,  and  crewman.  Data 
provided  insight  into  how  pilots  and  crewmen  use  the  visual  ports,  problems  encountered  during 
performance  of  pilotage  and  other  required  tasks,  and  user  opinion  on  possible  design  changes. 

Pilots/copilots 

With  the  exception  of  the  two  U.S.  Army  attack  aircraft  (AH-1  and  AH-64),  a  side-by- 
side  seating  configuration  is  used.  As  a  rule,  the  front  seat  aviators  share  tasks,  and  the 
assignation  of  “pilot”  and  “copilot”  is  not  based  on  experience  or  ability.  For  this  reason,  the 
data  for  designated  pilots  and  copilots  for  nonattack  aircraft  were  grouped  and  analyzed  together. 

Pilots/copilots  were  requested  to  indicate  which  of  nine  identified  tasks  were  performed 
through  the  various  visual  ports  for  the  identified  flight  phases  of  terrain  flight,  above  terrain 
flight,  and  hover/taxi.  Data  showed  predictable  usage  trends.  In  general,  front  and  side 
windscreens  are  used  heavily  for  all  tasks  for  all  flight  phases.  Overhead  windscreens  are  used 
primarily  for  aircraft  clearance  and  obstacle  avoidance.  Chin  bubbles  are  used  predominately  for 
ground  clearance,  visual  orientation,  landing  point  clearance,  and  obstacle  avoidance.  These 
V  conclusions  held  true  for  all  aircraft  types. 

By  far,  the  greatest  reported  problem  with  current  aircraft/windscreen  designs  is  vision 
blockages  due  to  interior  design,  vertical/horizontal  support  struts,  and  add-on  systems.  Vision 
blockages  by  one  or  more  of  these  reasons  was  the  most  frequently  cited  problem  by  every 
aircraft,  for  every  flight  phase,  for  every  window  (except  overhead).  CH-47  and  UH-60 
pilots/copilots  complained  of  the  instrument  panel  being  too  high;  AH-1  pilots  complained  that 
they  often  lose  other  aircraft  in  width  of  supports;  AH-64  pilots  complained  that  the  circuit 
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breaker  blocks  on  the  left  side  obstruct  vision;  OH-58C  pilots/copilots  complained  that  the  glare 
shield  is  too  large.  The  second  most  frequently  cited  problem  was  glare  from  interior  light 
sources. 

US.  Army  windscreens  are  primarily  of  acrylic  composition.  Glass  also  is  used.  Acrylic 
windscreens  were  cited  as  having  the  greater  number  of  problems.  The  most  prevalent  problem 
was  scratches,  due  either  to  environmental  exposure  or  cleaning  methods,  and  the  resulting  haze. 
In  March  1995,  USAARL  surveyed  the  optical  transmittance  characteristics  of  windscreens  on 
aircraft  in  the  field  (Wentworth,  et  al.,  1995).  One  conclusion  of  this  survey  was  the  finding  that 
a  significant  percent  decrease  in  luminous  transmittance  existed  between  new  samples  of  a 
windscreen  and  those  which  had  been  fielded  for  even  short  periods  of  time.  The  reason 
provided  for  this  decrease  was  the  high  level  of  haze  resulting  from  the  highly  abraded  condition 
of  the  fielded  windscreens. 

Across  all  aircraft,  55  percent  of  the  pilots/copilots  rated  the  overall  external  viewability 
of  their  respective  aircraft  as  “good”  or  “very  good.”  This  contrasts  with  only  a  13  percent  rating 
of  “poor”  or  “very  poor.”  The  highest  ratings  were  for  the  OH-6,  UH-1,  and  CH-47  with  100, 

94,  and  86  percent  ratings  for  “good”  or  “very  good.”  The  lowest  rated  aircraft  was  the  UH-60 
with  only  a  33  percent  rating  for  “good”  or  “very  good”  and  a  23  percent  rating  for  “poor”  or 
“very  poor.”  UH-60  pilots/copilots  cited  instrument  panels,  glare  shields,  vertical/horizontal 
supports,  and  too  small  front  windows  as  reasons  for  the  low  rating. 

When  asked  about  the  need  to  view  aircraft  components  which  currently  cannot  be  seen, 
29  percent  indicated  a  desire  to  be  able  to  view  rear  and  under  areas  of  their  aircraft,  e.g.,  tail 
rotor,  engine  nacelles,  wheels,  nose  gear  boxes,  etc.  Suggestions  of  how  to  overcome  this 
deficiency  included  larger  windows  and  the  use  of  mirrors  or  cameras. 

Overall,  pilots/copilots  preferred  a  one  piece  continuous  windscreen  design  over  that  of 
one  with  flat  windows  in  a  ratio  of  two  to  one.  However,  this  trend  was  reversed  for  the  two 
attack  aircraft,  AH-1  and  AH-64,  and  for  the  CH-47.  A  possible  explanation  for  the  trend 
reversal  for  the  attack  aircraft  is  the  high  frequency  of  complaints  regarding  the  vision  blockages 
by  vertical/horizontal  supports  from  pilots/copilots  of  these  aircraft. 

Prismatic  deviation  with  its  resulting  shift  in  images  was  cited  as  a  nonproblem  by  87 
percent  of  the  pilots/copilots  surveyed.  The  highest  percent  frequency  was  14  percent  for  the 
AH-1  and  comments  provided  seemed  to  imply  the  pilot/copilot  was  describing  a  distortion 
problem  rather  than  one  due  to  prismatic  deviation. 

Flicker  vertigo  also  was  identified  as  a  nonproblem  with  only  9  percent  of  the 
pilots/copilots  reporting  it.  When  cited,  it  was  associated  with  an  overhead  window  and  was 
considered  a  nuisance  effect  rather  than  the  actual  presence  of  the  condition  of  flicker  vertigo. 
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Sixty-eight  percent  of  the  pilots/copilots  reported  being  unable  to  achieve  an  optimal 
pilot-eye-position.  Aircraft  for  which  this  was  a  significant  problem  was  the  OH-6,  OH- 
58A/C/D,  and  UH-60.  The  lack  of  adjustable  seats  in  the  OH-6  and  OH-58  is  the  most  likely 
*  explanation  for  these  aircraft.  UH-60  pilots/copilots  complained  of  seats  which  are  to  adjust  or 

jam  and  having  too  many  vision  obstructions.  The  AH-64  and  CH-47  were  reported  as  providing 
the  highest  probability  of  achieving  an  optimal  eye-position. 

When  AH-1  and  AH-64  pilots  were  surveyed  as  to  seating  preference  in  these  tandem 
seated  aircraft,  AH-1  pilots  preferred  the  current  rear  seat  in  a  ratio  of  greater  than  2  to  1 .  AH-64 
pilots  were  almost  even  in  preference,  showing  only  a  slight  preference  for  the  copilot/gunner 
fi'ont  seat  position. 

Additional  viewability  problems  with  helmet-mounted  devices  such  as  ANVIS  were 
reported  primarily  by  OH-58A/C/D  pilots/copilots.  Physical  contact  with  windscreens  and  add¬ 
on  systems  was  the  most  frequently  cited  reason. 

Copilots/gunners  (AH-1  and  AH-64  attack  aircraft) 

The  AH-1  and  AH-64  comprise  the  category  of  attack  aircraft  in  the  Army.  Both  of  these 
aircraft  use  tandem  seating  in  which  the  copilot/gunner  sits  in  the  front  seat  and  the  pilot  sits  in 
the  aft  seat  directly  behind  the  copilot^gunner,  but  slightly  elevated.  The  copilot/gunner’s 
primary  function  is  target  acquisition  and  engagement.  However,  pilotage  tasks  also  are 
performed  to  a  significant  extent. 

The  tandem  seating  design  of  the  attack  aircraft  provides  greatly  improved  side 
viewability.  However,  due  to  the  placement  of  imaging  systems  (PNVS  and  TADS)  on  the  nose, 
over-the-nose  viewability  of  the  AH-64  for  the  copilot/gunner  is  compromised.  This  problem  is 
alleviated  somewhat  during  flight  since  a  nose  down  attitude  is  used.  Conversely,  the  problem  is 
accentuated  during  approaches  and  landings,  when  the  nose  is  flared  up.  In  spite  of  these 
problems,  58  percent  of  AH-64  copilots/gunners  rated  the  overall  external  viewability  as  “good” 
or  “very  good”  compared  to  only  25  percent  for  the  AH-1 . 

When  asked  whether  they  preferred  the  current  gunner  in  front  seat/pilot  in  aft  seat  to  a 
reverse  configuration,  AH-64  copilots/gunners  preferred  the  current  seating  arrangement  2  to  1 . 
However,  AH-1  copilots/gunners  preferred  the  opposite  seating  configuration  of  copilot/gunner 
V  in  the  aft  seat  by  3  to  1 . 

The  vision  problems  most  frequently  reported  by  attack  aircraft  copilots/guimers  were 
vision  blockages  by  support  rails  and  glare  from  interior  lights.  Both  attack  aircraft  use  relatively 
^  flat  canopy  designs.  This  approach  increases  the  presence  of  glare  sources  resulting  from 

reflections.  While  reported  for  both  attack  aircraft,  the  frequency  of  this  problem  was  often 
several  times  higher  for  the  AH-1  than  for  the  AH-64.  This  is  most  likely  the  result  of  the  angles 
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of  the  windows  and  the  placement  and  orientation  of  interior  indicator  lights.  The  problem  of 
vision  blockages  also  was  cited  frequently  for  the  AH-1 . 

The  windscreen  material  of  both  attack  aircraft  suffers  from  a  high  incidence  of  scratches 
and  the  resulting  haze.  These  problems  are  slightly  greater  in  the  AH-1 .  Distortion  and  crazing 
also  were  cited  as  frequent  problems. 

'I 

Seventy-five  percent  of  AH-1  copilots/gunners  surveyed  expressed  a  desire  to  be  able  to 
see  areas  to  the  rear  of  the  aircraft  which  cannot  currently  be  viewed.  Suggestions  to  solve  this 
problem  included  use  of  mirrors. 

Even  though  the  front  seat  of  the  AH-1  is  not  adjustable,  50  percent  of  the 
copilots/gunners  reported  being  able  to  achieve  an  optimal  pilot-eye-position.  However,  citing 
instrument  panels  and  glare  shields  as  confounding  factors,  three-fourths  of  AH-64 
copilots/gurmers  reported  being  to  achieve  the  optimal  vertical  position. 

All  AH-1  copilots/gurmers  reported  problems  when  using  NVGs/ANVIS  in  the  front  seat. 

Glare  was  the  most  frequent  complaint. 

Crewmen 

Crewmen  generally  use  the  aircraft  visual  ports  perform  tasks  related  to  the  primary 
function  of  their  aircraft.  In  addition  to  these  tasks,  crewmen  are  expected  to  assist  pilots  in  such 
pilotage  tasks  as  obstacle  avoidance,  aircraft  clearance,  target  detection,  etc.  The  crewman  also 
serves  as  additional  eyes  for  the  pilots  in  checking  the  aircraft  for  mechanical  and  safety 
problems  during  flight.  For  the  four  aircraft  (CH-47,  OH-58C,  UH-1,  and  UH-60)  for  which 
crewmen  questioimaires  were  distributed,  the  data  indicate  that  crewmen  heavily  utilize  all 
available  ports  to  perform  all  of  these  tasks  dining  all  flight  modes,  with  lesser  usage  only  for 
tasks  of  pilotage  and  targeting  which  are  primarily  pilot/copilot  tasks. 

When  asked  to  identify  problems  which  affect  the  performance  of  the  required  tasks, 
crewman  vision  blockages  due  to  vertical  and  horizontal  structural  support  rails  and  add-on 
equipment  and  systems  were  frequently  cited.  CH-47  crewmen  emphasized  problems  with  the 
bubble  windows  which  are  unique  to  the  CH-47.  Several  crewmen  rated  these  windows  as  too 
small.  A  major  complaint  was  the  use  of  NVGs  with  these  windows.  Eighty-six  percent  of  the 
CH-47  crewmen  surveyed  reported  having  problems  when  attempting  to  view  through  the  bubble  y 

windows  when  wearing  NVGs.  This  problem  also  was  reported  by  OH-58C  and  UH-1  crewmen, 
who  complained  of  restricted  head  movement  and  continuous  contact  with  windows. 

Overall,  53  percent  of  the  crewmen  rated  the  external  viewability  of  their  respected 
aircraft  as  “good”  or  “very  good.”  The  UH-1  was  the  highest  rated  aircraft  with  90  percent  of  the 
crewmen  surveyed  giving  a  “good”  or  “very  good”  rating.  The  CH-47  had  the  second  best 
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crewmen  rating.  Crewmen  of  the  OH-58C  complained  about  vision  restrictions  resulting  from 
add-on  systems. 

Consistently,  polycarbonate  windscreens  present  more  problems  than  glass  windscreens. 
When  asked  to  report  problems  experienced  with  the  windscreen  material  itself,  crewmen 
overwhelmingly  cited  scratches  and  resulting  haze  and  glare  as  the  most  outstanding  problem.  In 
OH-58C  aircraft,  which  has  only  polycarbonate  windscreens,  80  percent  of  those  surveyed 
reported  problems  with  scratches. 

External  vision  related  accidents 

A  search  of  the  accident  data  base  was  performed  by  the  U.S.  Army  Safety  Center,  Fort 
Rucker,  Alabama.  The  search  covered  the  period  of  FY80-181V[ay95  and  used  the  following 
keywords:  field-of-view,  visibility,  visual  field,  external  vision,  visual  limitation,  and  blind  spot. 
A  total  of  14  accidents  were  identified.  Of  these,  only  three  had  external  vision  listed  as  a 
“present  and  contributing  factor.”  Two  UH-60  and  one  AH-64  aircraft  were  involved.  In  all 
three  accidents  air  frame  restrictions  and  blind  spots  caused  by  structural  supports  were  cited. 

The  reference  to  frame  restrictions  relates  to  the  reduced  UH-60  visual  fields  documented  in  the 
photographs  and  vision  plots  and  is  supported  by  the  lowest  rating  for  overall  viewability  of  all 
aircraft  given  by  pilots/copilots  in  the  questionnaires.  In  addition,  the  second  reference  to  blind 
spots  also  is  supported  by  the  questionnaire  data;  the  most  frequently  cited  problem  with  current 
aircraft  visual  port  designs  was  vision  blockages  due  to  vertical/horizontal  supports  and  add  on 
systems. 

Recommendations 

The  results  of  this  investigation  cannot  be  expected  to  impact  fielded  aircraft  structural 
designs.  Therefore,  current  aviators  and  crewmen  can  expect  no  improvement  over  current 
availability  of  external  viewability  by  structural  design  changes.  However,  there  is  strong 
evidence  to  support  the  attention  which  should  be  given  to  size  and  placement  of  structural 
supports  in  future  designs. 

A  problem  which  can  and  must  be  addressed  for  current  aircraft  is  the  degradation  in 
optical  quality  which  rapidly  occurs  in  windscreens  and  severely  decreases  flight  performance. 
Scratches  and  the  resulting  haze  and  glare  are  major,  wide-spread  problems.  Methods  to  protect 
windscreens  from  scratches  due  to  the  flight  environment  should  be  investigated  in  a  timely 
maimer.  Also,  there  is  evidence  that  these  windscreens  are  being  scratched  by  currently 
employed  cleaning  methods. 


References 


Atkins,  E.  R.,  Dauber,  R.  L.,  and  Price,  J.  W.  1973.  Study  to  analytically  derive  external  vision 
Bell  Helicopter  T extron.  1981.  Bell  Helicopter  Textron  system  specification  for  OH- 
58D  AHIP.  AV-SS-NTSH-B 10000. 

Department  of  Defense.  1994.  Military  Standard,  MIL-STD-1776A(USAF).  Aircrew  station 
and  passenger  accommodations.  Washington,  DC. 

Department  of  Defense.  1970.  Military  Standard,  MIL-STD-850B.  Aircrew  station  vision 
requirements  for  military  aircraft.  Washington,  DC. 

Department  of  Defense.  1988.  Military  Specification,  MIL-W-81752A(AS),  Amendment  1. 
Windshield  systems,  fixed  wing  aircraft,  general  specification  for.  Washington,  DC. 

Department  of  Defense.  1976.  Military  Standard,  MIL-STD- 1333 A.  Aircrew  .station  geometry 
for  military  aircraft.  Washington,  DC. 

Dynamics  Research  Corporation.  1987.  Options  for  improving  field  of  view  for  improved  Black 
Hawk.  Andover,  MA:  Dynamics  Research  Corporation.  Contract  Number:  OPM-85-76 

Hughes  Helicopter.  1976.  System  specification  for  Advanced  Attack  Helicopter.  Culver  City, 
CA:  Hughes  Helicopter.  AMC-SS-AAH-HIOOOOA 

Wentworth,  S.  L.,  McGowin,  E.,  Ivey,  R.  H.,  Rash,  C.  E.,  and  McLean,  W.  E.  1995. 

Transmittance  characteristics  of  U.S.  Army  rotary-wing  aircraft  transparencies.  U.S. 
Army  Aeromedical  Research  Laboratory,  Fort  Rucker,  AL.  USAARL  Report  No.  95-19. 


T 


68 


Appendix  A. 


Rotary-wing  aircraft  vision  plots 


69 


58C  Kiowa  (flat  panel). 


Pilot/copilot  utilization  questionnaire 


Pilot/copilot 

View  Port  Utilization  Questionnaire 

^  In  an  effort  to  aid  in  the  improvement  of  tactical  operations  in  rotary-winged  aircraft,  the 

U.S.  Army  Aeromedical  Research  Laboratory  (USAARL),  Fort  Rucker,  Alabama  is  studying  the 
external  vision  afforded  by  the  aircraft.  The  primary  interest  of  the  study  is  the  location  and 
,  extent  of  current  visual  ports  (windscreens)  in  the  aircraft. 

It  is  important  that  you  answer  the  questions  as  accurately  and  fully  as  possible.  These 
data  will  be  used  as  a  data  base  for  accident  investigation  and  for  a  reference  in  future  design  of 
the  visual  field  in  the  aircraft. 

Both  you  and  your  responses  will  remain  anonymous.  The  data  collected  will  be  used  for 
research  purposes  only.  They  will  not  become  part  of  your  record,  nor  will  they  be  used  to  make 
any  determination  about  you. 

Please  answer  the  appropriate  questions  for  the  primary  aircraft  that  vou  have  flown  in 
the  last  6  months.  For  any  additional  aircraft  you  have  flown  during  this  period,  please  fill  out  a 
separate  form.  Your  sincere  consideration  and  time  will  be  greatly  appreciated. 

If  you  have  any  questions,  please  contact  LTC  Levine  at  205-255-6868  (DSN  558-6814). 

Thank  you. 

Please  circle  the  appropriate  response: 

Sex:  Male  Female 

Primary  crew  station:  pilot  copilot 

Primary  aircraft  type  during  the  last  6-months: 

AH-1  AH-64  CH-47  OH-6  OH-58A  UH-1  UH-60  TH-67  OH-58C  OH-58D 

*  Accumulated  flight  hours  in  primary  aircraft:  _ 

Total  flight  hours  in  rotary-winged  aircraft: _ 
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Please  check  and/or  comment  on  the  appropriate  questions.  Some  questions  may  not 
apply  to  all  aircraft. 


1 .  Which  tasks  do  you  accomplish  through  the  front  windscreens  while  performing 
hover/taxi? 

_ pilotage(NAV)  _  ground  clearance  • 

_ obstacle  avoidance  _ visual  orientation 

_  aircraft  avoidance  _ target  engagement 

_ landing  point  reference  _ reconnaissance 

_ target  acquisition/detection 

_ other  (specify) _ 


2.  Identify  any  problems  that  you  have  experienced  with  the  fi-ont  windscreens  while 
performing  hover/taxi: 

_ too  small  of  an  area 

_  improper  placement 

_  glare  from  interior  lights 

_ glare  from  external  lights 

_  distortion  caused  by  curvature 

_ distortion  due  to  the  moisture  removal  system  of  the  aircraft(defog  wiring, 

gold  inlay,  etc.) 

_ vision  blockage  due  to  interior  design 

_ vision  blockage  due  to  vertical  and  horizontal  supports 

_ vision  blockage  due  to  other  add-on  equipment/systems 

_ no  problems 

Comments : _ 


3.  Which  tasks  do  you  accomplish  through  the  side  windscreens  while  performing 
hover/taxi? 

_ pilotage(NAV)  _ ground  clearance 

_  obstacle  avoidance  _ visual  orientation 

_ aircraft  avoidance  _ target  engagement 

_ landing  point  reference  _ reconnaissance 

_ target  acquisition/detection 

_ other  (specify) _ 
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4.  Check  any  problems  that  you  have  experienced  with  the  side  windscreens  performing 
hover/taxi: 

_ too  small  in  area 

_  improper  placement 

_  glare  from  interior  lights 

_  glare  from  external  lights 

_  distortion  caused  by  curvature 

_ vision  blockage  due  to  interior  design 

_ vision  blockage  due  to  vertical  and  horizontal  supports 

_ vision  blockage  due  to  other  add-on  equipment/systems 

_  no  problems 

Comments: 


5.  Which  tasks  do  you  accomplish  through  the  overhead  windscreens  while  performing 
hover/taxi? 

_ pilotage(NAV)  _  ground  clearance 

_ obstacle  avoidance  _  visual  orientation 

_  aircraft  clearance  _ target  engagement 

_ landing  point  reference  _ reconnaissance 

_ target  acquisition/detection 

_  other  (specify)  _ 


6.  Identify  any  problems  that  you  have  experienced  with  the  overhead  windscreens  in 
hover/taxi: 

_ too  small  of  an  area 

_  improper  placement 

_  glare  from  external  lights 

_  glare  from  interior  lights 

_ distortion  caused  by  eurvature 

_  vision  blockage  due  to  interior  design 

y  _  vision  blockage  due  to  vertical  and  horizontal  supports 

_  vision  blockage  due  to  other  add-on  equipment/sy stems 

_ no  problems 

Comments: 
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7.  Which  tasks  do  you  perform  through  the  front  windscreens  while  performing  terrain 


flight? 


pilotage(NAV)  _ ground  clearance 

obstacle  avoidance  _ visual  orientation 

aircraft  avoidance  _ target  engagement 

landing  point  reference  _ reconnaissance  « 

target  acquisition/detection 

other  (specify)  _ 


8.  Identify  any  problems  that  you  have  experienced  with  the  front  windscreens  in  terrain 

flight: 

_ too  small  of  an  area 

_ improper  placement 

_ glare  from  interior  lights 

_  glare  from  external  lights 

_ distortion  caused  by  curvature 

_  distortion  due  to  the  moisture  removal  system  of  the  aircraft(defog  wiring, 

gold  inlay,  etc.) 

_  vision  blockage  due  to  interior  design 

_ vision  blockage  due  to  vertical  and  horizontal  supports 

_ vision  blockage  due  to  other  add-on  equipment/systems 

_ no  problems 

Comments: _ 


9.  Which  tasks  do  you  perform  through  the  side  windscreens  in  terrain  flight? 

f 

_ pilotage(NAV)  _ ground  clearance 

_ obstacle  avoidance  _ visual  orientation 

_  aircraft  avoidance  _ target  engagement  f 

_  landing  point  reference  _ reconnaissance 

_ target  acquisition/detection 

_ other  (specify) _ 
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10.  Check  any  problems  that  you  have  experienced  with  the  side  windscreens  in  terrain 

flight: 

_ too  small  in  area 

_  improper  placement 

_  glare  from  interior  lights 

_  glare  from  external  lights 

_ distortion  caused  by  curvature 

_  vision  blockage  due  to  interior  design 

_ vision  blockage  due  to  vertical  and  horizontal  supports 

_ vision  blockage  due  to  other  add-on  equipment/sy stems 

_  no  problems 

Comments: 


11.  Which  tasks  do  you  accomplish  through  the  overhead  windscreens  while  performing 
terrain  flight? 

_ pilotage(NAV)  _  ground  clearance 

_ obstacle  avoidance  _ visual  orientation 

_  aircraft  clearance  _ target  engagement 

_  landing  point  reference  _ recoimaissance 

_ target  acquisition/detection 

_  other  (specify) _ 


12.  Identify  any  problems  that  you  have  experienced  with  the  overhead  windscreens  in 
terrain  flight: 

_ too  small  of  an  area 

_ improper  placement 

t  _ glare  from  external  lights 

_  glare  from  interior  lights 

,  distortion  caused  by  curvature 

■  -  ^ 

y  vision  blockage  due  to  interior  design 

_  vision  blockage  due  to  vertical  and  horizontal  supports 

_  vision  blockage  due  to  other  add-on  equipment/systems 

_ no  problems 

'  Comments: 
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13.  Which  tasks  do  you  accomplish  through  the  front  windscreens  while  performing 
above  terrain  flight? 

_ pilotage(NAV)  _ ground  clearance 

_  obstacle  avoidance  _ visual  orientation 

_ aircraft  avoidance  _ target  engagement 

_  landing  point  reference  _ reconnaissance 

_ target  acquisition/detection 

_ other  (specify) _ 


14.  Identify  any  problems  that  you  have  experienced  with  the  front  windscreens  in  above 
terrain  flight: 

_ too  small  of  an  area 

_  improper  placement 

_ glare  from  interior  lights 

_ glare  from  external  lights 

_ distortion  caused  by  curvature 

_ distortion  due  to  the  moisture  removal  system  of  the  aircraft(defog  wiring, 

gold  inlay,  etc.) 

_  vision  blockage  due  to  interior  design 

_ vision  blockage  due  to  vertical  and  horizontal  supports 

_ vision  blockage  due  to  other  add-on  equipmenhsystems 

_ no  problems 

Comments:  _ 


1 5.  Which  tasks  do  you  accomplish  through  the  side  windscreens  while  performing 
above  terrain  flight? 

_ pilotage(NAV)  _  ground  clearance 

_ obstacle  avoidance  _ visual  orientation 

_  aircraft  avoidance  _ target  engagement 

_  landing  point  reference  _  reconnaissance 

_ target  acquisition/detection 

_  other  (specify)  _ 


16.  Check  any  problems  that  you  have  experienced  with  the  side  windscreens  in  above 
terrain  flight: 


_ too  small  in  area 

_  improper  placement 

_  glare  from  interior  lights 

_ glare  from  external  lights 

_ distortion  caused  by  curvature 

_ vision  blockage  due  to  interior  design 

_ vision  blockage  due  to  vertical  and  horizontal  supports 

_ vision  blockage  due  to  other  add-on  equipment/sy stems 

_ no  problems 

Comments:  _ 


17.  Which  tasks  do  you  accomplish  through  the  overhead  windscreens  while  performing 
above  terrain  flight? 

_ pilotage(NAV)  _  ground  clearance 

_  obstacle  avoidance  _  visual  orientation 

_  aircraft  clearance  _  target  engagement 

_  landing  point  reference  _  reconnaissance 

_ target  acquisition/detection 

_  other  (specify)  _ 


1 8.  Identify  any  problems  that  you  have  experienced  with  the  overhead  windscreens  in 
above  terrain  flight: 

_ too  small  of  an  area 

_ improper  placement 

_  glare  from  external  lights 

_  glare  from  interior  lights 

_ distortion  caused  by  curvature 

V  _ vision  blockage  due  to  interior  design 

_  vision  blockage  due  to  vertical  and  horizontal  supports 

_ vision  blockage  due  to  other  add-on  equipment/systems 

_ no  problems 

Comments:  _ 
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CH-47, 

OH-58, 

OH-6, 

TH-67, 

UH-1, 

UH-60 

only 


CH-47, 

OH-58, 

OH-6, 

TH-67, 

UH-1, 

UH-60 

only 


CH-47, 

OH-58, 

OH-6, 

TH-67, 

UH-1, 

UH-60 

only 


19.  Which  tasks  do  you  accomplish  through  the  chin  bubbles  while  performing 
hover/taxi? 

_ pilotage(NAV)  _  ground  clearance 

_ obstacle  avoidance  _ visual  orientation 

_  aircraft  avoidance  _ target  engagement 

_  landing  point  clearance  _  reconnaissance 

_ target  acquisition/detection 

_  other  (specify) _ 


20.  Identify  any  problems  that  you  have  experienced  with  the  chin 
bubbles  while  performing  hover/taxi: 

_ too  small  of  an  area 

_  glare  from  external  lights 

_ glare  fi'om  interior  lights 

_  improper  placement 

_  distortion  caused  by  curvature 

_  vision  blockage  due  to  interior  design 

_  vision  bloekage  due  to  vertical  and  horizontal  supports 

_  vision  blockage  due  to  other  add-on  equipment/systems 

_  no  problems 

Comments: 


2 1 .  Which  tasks  do  you  accomplish  through  the  ehin  bubbles  while 
performing  terrain  flight? 

_ pilotage(NAV)  _  ground  clearance 

_  obstacle  avoidance  _  visual  orientation 

_  aircraft  avoidance  _  target  engagement 

_  landing  point  clearance  _ reconnaissance 

_  target  acquisition/detection 

_ other  (specify) _  y 
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CH-47, 

OH-58, 

OH-6, 

TH-67, 

UH-1, 

UH-60 

only 


CH-47, 

OH-58, 

OH-6, 

TH-67, 

UH-1, 

UH-60 

only 


CH-47, 

OH-58, 

OH-6, 

TH-67, 

UH-1, 

UH-60 

only 


22.  Identify  any  problems  that  you  have  experienced  with  the  chin  bubbles 
in  performing  terrain  flight: 

_ too  small  of  an  area 

_  glare  from  external  lights 

_ glare  from  interior  lights 

_  improper  placement 

_ distortion  caused  by  curvature 

_ vision  blockage  due  to  interior  design 

_ vision  blockage  due  to  vertical  and  horizontal  supports 

_ vision  blockage  due  to  other  add-on  equipment/systems 

_ no  problems 

Comments: 


23.  Which  tasks  do  you  accomplish  through  the  chin  bubbles  while  performing 
above  terrain  flight? 

_ pilotage(NAV)  _ ground  clearance 

_  obstacle  avoidance  _ visual  orientation 

_ aircraft  avoidance  _ target  engagement 

_  landing  point  clearance  _ reconnaissance 

_ target  acquisition/detection 

_  other  (specify)  _ 


24.  Identify  any  problems  that  you  have  experienced  with  the  chin  bubbles 
in  above  terrain  flight: 

_ too  small  of  an  area 

_  glare  from  external  lights 

_  glare  from  interior  lights 

_  improper  placement 

_ distortion  caused  by  curvature 

_ vision  blockage  due  to  interior  design 

_ vision  blockage  due  to  vertical  and  horizontal  supports 

_ vision  blockage  due  to  other  add-on  equipment/systems 

_ no  problems 

Comments: 
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25.  Rate  the  overall  external  viewability  through  present  windows  in  the  aircraft: 

_ ^very  poor _ poor _ ^borderline _ good _ ^very  good 

If  less  than  good,  to  what  do  you  attribute  this? 


26.  Are  there  any  external  aircraft  components  that  you  would  like  to  periodically 
visually  check  during  flight  that  you  can  not  normally  see? 

_ yes  _ no 

If  yes,  which  component(s)  do  you  like  to  see? 


How  would  you  suggest  accomplishing  this  task  (mirrors,  larger  window,  chin 
bubbles,  etc.)? 


27.  Which  type  of  windscreen  configuration  would  you  prefer? 

_ One  with  flat  windows  and  window  support  posts,  or 

_ Continuous  one  piece  curved  windscreens  without  posts  but  with 

related  distortion  problems. 

28.  Identify  any  problems  you  have  experienced  due  to  windscreen  material  by 

placing  a  G  for  glass,  P  for  plexiglass,  and  a  O  for  other  material( _ ). 

_  distortion(waviness)  _  chipping 

_  haze  _  frequent  replacement 

_  scratches  due  to  improper  cleaning  _ cracks 

_  scratches  from  the  environment  _ crazing 

_ other(specify) _ 
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29.  Has  the  location  of  a  window  ever  caused  object/image  displacement  problems 
(prismatic  deviation)? 

^  _ yes  _ no 

If  yes,  please  explain: _ 


30.  Is  there  a  visual  port( window)  placed  such  that  flicker  vertigo  is  a  reoccurring 
problem? 

_ yes  _ no 

If  yes,  please  explain: _ 


3 1 .  Are  you  able  to  adjust  your  seat  in  the  aircraft  to  obtain  what  you  would  consider  an 
optimal  pilot-eye-position  for  your  aircraft? 

_ yes  _ no 

If  not,  please  explain: _ 


AH-1  32.  From  your  experience  in  attack  type  helicopters  with  tandem  seating,  which  seating 
and  arrangement  would  you  prefer  when  considering  the  visual  requirements  for 
AH-64  that  mission? 

only  _ Pilot  in  the  aft  seat,  copilot/gunner  in  front 

_ Pilot  in  the  front  seat,  copilot/gunner  in  the  aft 
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33.  Does  the  use  of  helmet-mounted  devices  (e.g.,  NVGs,  ANVIS)  cause  any  additional 
conflicts  with  the  external  vision  in  the  aircraft? 

r 

_ yes  _ no 

If  yes,  please  explain: _ 


34.  Please  comment  on  any  other  problems  regarding  windscreens  (no  matter  how 
general  or  specific  in  nature)  not  previously  addressed: 


If  applicable,  please  acquire  at  this  time  a  second  questionnaire  for  any 
additional  aircraft. 
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Appendix  C. 

Crewman  utilization  questionnaire 


4 
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Crew 

View  Port  Utilization  Questionnaire 

In  an  effort  to  aid  in  the  improvement  of  tactical  operations  in  rotary-winged  aircraft,  the 
U.S.  Army  Aeromedical  Laboratory  (USAARL)  at  Fort  Rucker  is  studying  the  external  vision 
afforded  by  the  aircraft.  The  primary  interest  of  the  study  is  the  location  and  extent  of  the  current  « 

visual  ports(windscreens)  in  the  aircraft. 

It  is  important  that  you  answer  the  questions  as  accurately  and  fully  as  possible.  These 
data  will  be  used  as  a  data  base  for  accident  investigation  and  for  a  reference  in  future  design  of 
the  visual  field  in  the  aircraft. 

Both  you  and  your  responses  will  remain  anonymous.  The  data  collected  will  be  used  for 
research  purposes  only.  They  will  not  become  part  of  your  record,  nor  will  they  be  used  to  make 
any  determination  about  you. 

Please  answer  the  appropriate  questions  for  the  primary  aircraft  that  vou  have  served  on 
in  the  last  6  months.  For  any  additional  aircraft  you  have  served  on  during  this  period,  please  fill 
out  a  separate  form.  Your  sincere  consideration  and  time  will  be  greatly  appreciated. 

If  you  have  any  questions,  please  contact  Ed  Rash  at  205-255-6814. 

Thank  you. 


Please  circle  the  appropriate  response: 

Sex:  Male  Female 

Primary  aircraft  type  during  the  last  6  months: 

CH-47  OH-58A  OH-58C  UH-1  UH-60 


Accxunulated  flight  hours  in  primary  aircraft: _ 

Total  rotary- winged  flight  hours: _ 


* 
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Please  check  and/or  comment  on  the  appropriate  questions.  Some  questions  may  not 
apply  to  all  aircraft. 

1 .  Which  tasks  do  you  perform  accomplish  through  the  rear  ports/door  windows/guimer 
windows  while  performing  hover/taxi? 

_ pilotage(NAV)  _  ground  clearance 

_ obstacle  avoidance  _  aircraft  clearance 

_ aircraft  avoidance  _ target  engagement 

_ landing  point  clearance  _ recoimaissance 

_ target  acquisition/detection  _ none 

_  check  aircraft  for  mechanical  and  safety  problems 

_ other(specify) _ 


2.  Check  any  problems  that  you  have  experienced  with  the  rear  ports/door 
windows/gunner  windows  while  performing  hover/taxi: 

_ too  small  in  area 

_  improper  placement 

_  glare  from  interior  lights 

_  glare  from  external  lights 

_  distortion  caused  by  curvature 

_  vision  blockage  due  to  interior  design 

_  vision  blockage  due  to  other  add-on  equipment/systems 

_ vision  blockage  due  to  vertical  and  horizontal  supports 

_ no  problems 

Comments: 


3 .  Which  tasks  do  you  accomplish  through  the  rear  ports/door  windows/guimer  windows 
while  performing  terrain  flight? 

_ pilotage(NAV)  _ ground  clearance 

_  obstacle  avoidance  _  aircraft  clearance 

_  aircraft  avoidance  _  target  engagement 

_  landing  point  clearance  _ reconnaissance 

'*  _  target  acquisition/detection  _  none 

_  check  aircraft  for  mechanical  and  safety  problems 

_  other  (specify) _ 
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4.  Check  any  problems  that  you  have  experienced  with  the  rear  ports/door 
windows/gurmer  windows  in  terrain  flight:  ^ 

_ too  small  in  area 

_  improper  placement 

_  glare  from  interior  lights  « 

_ glare  from  external  lights 

_  distortion  caused  by  curvature 

_ vision  blockage  due  to  interior  design 

_  vision  blockage  due  to  other  add-on  equipment/systems 

_ vision  blockage  due  to  vertical  and  horizontal  supports 

_ no  problems 

Comments: 


5.  Which  tasks  do  you  accomplish  through  the  rear  ports/door  windows/gunner  windows 
in  above  terrain  flight? 

_ pilotage(NAV)  _  ground  clearance 

_ obstacle  avoidance  _ aircraft  clearance 

_  aircraft  avoidance  _ target  engagement 

_  landing  point  clearance  _ reconnaissance 

_ target  acquisition/detection  _ none 

_ check  aircraft  for  mechanical  and  safety  problems 

_ other  (specify) _ 


6.  Check  any  problems  that  you  have  experienced  with  the  rear  ports/door 
windows/gunner  windows  in  above  terrain  flight: 

_ too  small  in  area 

_  glare  from  interior  lights 

_  improper  placement 

_  glare  from  external  lights 

_  distortion  caused  by  curvature 

_ vision  blockage  due  to  interior  design 

_ vision  blockage  due  to  other  add-on  equipment/systems 

_ vision  blockage  due  to  vertical  and  horizontal  supports 

_ no  problems 

Comments:  _ 
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7.  Which  tasks  do  you  perform  through  the  front  windscreens? 

_ pilotage(NAV)  _  ground  clearance 

_ obstacle  avoidance  _  aircraft  clearance 

_  aircraft  avoidance  _  target  engagement 

_ landing  point  clearance  _ reconnaissance 

_  target  acquisition/detection  _  none 

_  check  aircraft  for  mechanical  and  safety  problems 

_  other(specify) _ 


8.  Check  any  problems  that  you  have  experienced  with  the  front  windscreens: 

_ too  small  in  area 

_  improper  placement 

_  glare  from  interior  lights 

_  glare  from  external  lights 

_  distortion  caused  by  curvature 

_ vision  blockage  due  to  interior  design 

_ vision  blockage  due  to  other  add-on  equipment/systems 

_ vision  blockage  due  to  vertical  and  horizontal  supports 

_ no  problems 

Comments: 


CH-47  9.  Which  tasks  do  you  perform  through  the  bubble  windows  in  the  fuselage? 
only 


pilotage(NAV)  _ ground  clearance 

obstacle  avoidance  _  aircraft  clearance 

aircraft  avoidance  _ target  engagement 

landing  point  clearance  _ recormaissance 

target  acquisition/detection  _ none 

check  aircraft  for  mechanical  and  safety  problems 
other(specify) _ 
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CH-47  10.  Check  any  problems  that  you  have  experienced  with  the  bubble  windows  in 
only  the  fuselage: 

_ too  small  in  area 

_ improper  placement 

_  glare  from  interior  lights 

_  glare  from  external  lights  # 

_  distortion  caused  by  curvature 

_ vision  blockage  due  to  interior  design 

_ vision  blockage  due  to  other  add-on  equipment/systems 

_ vision  blockage  due  to  vertical  and  horizontal  supports 

_ no  problems 

Comments : _ 


11.  Rate  the  overall  external  viewability  through  present  windows  in  the  aircraft: 

_ ^very  poor _ poor  _ ^borderline  _ good _ ^very  good 

If  less  than  good,  to  what  do  you  attribute  this? 


12.  Are  there  any  external  aircraft  components  that  you  would  like  to  periodically 
visually  check  during  flight  that  you  can  not  normally  see? 

_ yes  _ no 

If  yes,  which  component(s)  do  you  like  to  see? 


How  would  you  suggest  accomplishing  this  task  (mirrors,  larger  window,  new 
windows,  chin  bubbles,  etc.)? 
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13.  Identify  any  problems  you  have  experienced  due  to  windscreen  material  by  placing  a 
G  for  glass,  P  for  plexiglass,  and  a  O  for  other  material( _ ). 

_  distortion(waviness)  _  chipping 

_ haze  _  frequent  replacement 

_  scratches  due  to  improper  cleaning 

_ scratches  from  the  environment 

_ cracks  _ crazing 

_ other(specify) _ 


14.  Has  the  location  of  a  window  ever  caused  object/image  displacement  problems 
(prismatic  deviation)? 

_ yes  _ no 

If  yes,  please  explain: _ 


15.  Does  the  use  of  helmet-mounted  devices  (e.g.,  NVGs,  ANVIS)  cause  any  additional 
conflicts  with  the  external  vision  in  the  aircraft? 

_ yes  _ no 

If  yes,  please  explain: _ 


16.  Please  comment  on  any  other  problems  regarding  windscreens  (no  matter  how 
general  or  specific  in  nature)  not  previously  addressed: _ 


If  applicable,  please  acquire  a  second  questionnaire  at  this  time  for  any  additional 
aircraft. 
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Appendix  D. 


Pilot/copilot  questionnaire  data 

The  format  for  presenting  the  questionnaire  data  consists  of  stating  each  question  and 
providing  the  percentage  of  respondents  selecting  each  possible  choice  of  response.  Where 
appropriate,  data  also  are  presented  by  aircraft  type,  where  the  value  reported  represents  the 
percentage  of  respondents  for  the  particular  aircraft  type  selecting  each  choice  of  response.  For 
questions  where  comments  were  requested,  representative  comments  were  selected  for  inclusion 
in  the  following  data  on  the  basis  of  frequency  of  occurrence  or  uniqueness.  [Note:  For  some 
comments,  the  frequency  of  occurrence  is  noted  by  inclusion  in  parentheses,  e.g.,  (2).] 

The  AH-1  and  AH-64  data  represent  pilot  data  only.  Copilot/gunner  data  for  these 
aircraft  are  presented  in  Appendix  E. 
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.  Which  tasks  do  you  accomplish  through  the  front  windscreens  while  performing  hover/taxi? 
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2.  Identify  any  problems  that  you  have  experienced  with  the  front  windscreens  while  performing  hover/taxi; 

All  aircraft  AH-1  AH-64  CH-47  OH-6  OH-58A  OH-58C  OH-58D  UH-1  UH-60 

(n=257)  (n=7)  (n=30)  (n=15)  (n=6)  (n=4)  (n=39)  (n=5)  (n=34)  (n=117) 

25%.  too  small  of  an  area  43%  23%  7%  0%  0%  23%  0%  0%  38% 
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OH-58C:  "glare  shield" 

"Can't  clear  right  2-o'clock  and  left  10-o'clock  positions. 


.  Which  tasks  do  you  accomplish  through  the  side  windscreens  while  performing  hover/taxi? 
Note:  The  OH-6  routinely  flies  with  doors  removed. 
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.  Check  any  problems  that  you  have  experienced  with  the  side  windscreens  performing  hover/taxi: 
Note:  The  OH-6  routinely  fly  with  doors  removed. 
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OH-58C:  "NVG  helmet  hits  window. ""air  vents  in  line  of  sight' 
UH- 1 :  "dirty  windscreens" 


5.  Which  tasks  do  you  accomplish  through  the  overhead  windscreens  while  performing  hover/taxi? 

All  aircraft  AH-1  AH-64  CH-47  OH-6  OH-58A  OH-58C  OH-58D  UH-1  UH-60 

(1^=257)  (n=7)  (n=30)  (n=15)  (n=6)  (n=4)  (n=39)  (n=5)  (n=34)  (n=117) 
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.  Identify  any  problems  that  you  have  experienced  with  the  overhead  windscreens  in  hover/taxi: 
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.  Which  tasks  do  you  perform  through  the  front  windscreens  while  performing  terrain  flight? 
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.  Identify  any  problems  that  you  have  experienced  with  the  front  windscreens  in  terrain  flight: 
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Comments:  AH-1 :  "HUD  is  bulky  and  often  reflects  sunlight' 

AH-64:  "rain  buildup  due  to  inadequate  wipers" 


CH-47:  "glare  shield" 

OH-58A;  "GPS,  PDU,  rain" 

OH-58C:  "vision  degradation  due  to  plexiglass  crazing"; 
"(vision  blockage  from)  ATAS  PDU"; 
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.  Which  tasks  do  you  perform  through  the  side  windscreens  in  terrain  flight? 
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10.  Check  any  problems  that  you  have  experienced  with  the  side  windscreens  in  terrain  flight: 
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"side  windows  at  eye  level' 
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12.  Identify  any  problems  that  you  have  experienced  with  the  overhead  windscreens  in  terrain  flight: 
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OH-5  8 A:  "poor  to  see  tl 


13.  Which  tasks  do  you  accomplish  through  the  front  windscreens  while  performing  above  terrain  flight? 
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14.  Identify  any  problems  that  you  have  experienced  with  the  front  windscreens  in  above  terrain  flight: 


vO  vO  s®  s©  ^ 

^  ^ 

Tj-  Tt"  rf  ^  00 

(N  CN  1-H 


^  N?  N©  Sp  N® 
^  ^ 

m  o  \o  Os  m 
(N 


^  ^  ^  ^  ^ 

o  o  o  o  o 

(N  (N 


^.O  sO  nP  sO  sO  sO 
^  ^ 

tn  m  VO  oo  00  ^ 

^  CN  CN  (N  ^ 


V©  s©  vO  s©  S© 
^  ^ 

O  O  lO  ^  o 

CN  CN 


^  ^  ^  ^  ^ 
o  O  O  l>  o 


NO  s©  S.O  N© 

CJ^  ^  ^ 

o 


^  S©  sp  Sp  V© 

©^  ©^  ^  ^  ©^ 

O  ro  O 

'  Tf  ^  ^ 


S©  V©  ^  Vp  Sp 
^  ^ 
m  OS  o 

1— I  l-H  ^  ^ 


:S  ^ 

m.2? 


VO  ^ 
SO 


s© 

cn 


C3  2  C 

o  5  o 

‘S  ^ 

o  >  o 
CTJ  3  ^ 

I  ^  o  ^ 


c/3 

>N 

OD 

o 

<D 

o 

o 

1 

< 

u 

C/3 

,o 

<D 

(D 

c/3 

oo 

oo 

> 

C+H 

(L) 

w 

P 

T3 

O 

P 

'O 

o 

o 

N 

'C 

P 

O 

P 

S 

<D 

SO 

1 

ffi 

1 

X 

1 

ffi 

o 

a 

00 

cd 

p 

.2? 

00 

cd 

o 

X3 

00 

p 

O 

c/3 

< 

o 

o 

c 

s 

cd 

2 

'o 

o 

'c/3 

o 

o 

T3 

P 

o 

no 

"2 

C/3 

c/3 

s 

o 

c/3 

p. 

§) 

o 

T3 

o 

P 

{y3  t2 

p 

s 

Jh 

p 

n 

p 

(U 

^  ^  g  2 
o  o  S.  p 


.2  S3  .2 
>  .2  > 


©^ 

O 

©^ 

SO 

m 

(N 

N©  ^ 

©^  ©N 

SO  ^  ^ 

■P* 

^  CN 

115 


'water  on  flat  pane! 


15.  Which  tasks  do  you  accomplish  through  the  side  windscreens  while  performing  above  terrain  flight? 
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16.  Check  any  problems  that  you  have  experienced  with  the  side  windscreens  in  above  terrain  flight: 
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18.  Identify  any  problems  that  you  have  experienced  with  the  overhead  windscreens  in  above  terrain  flight: 

All  aircraft  AH-1  AH-64  CH-47  OH-6  OH-58A  OH-58C  OH-58D  UH-1  UH-60 

(n=257)  (n=7)  (n=30)  (n=15)  (n=6)  (n=4)  (n=39)  (n=5)  (n=34)  (n=117) 


^  ^  ^  ^  ^ 
00  rn 


V®  N®  sO  S© 

^  ^ 

VO  O  VO  VO  ^ 


so  N®  sO  sO  s® 

^  ^ 

o  O  o  o  o 


Np  N®  s®  sp  Sp 

^  ^ 

ro  lO  00  O  00 


N®  S®  xp  s®  S® 

^  ^ 

m  O  o  o  o 

(N 


^  ^  ^  ^  ^ 
^  ^  rn  ^ 


N®  Sp  Sp  vp  Sp 
^  ^ 
o  cn 


sp  Sp  sp  sp  Sp 

^  ^ 

o  rn  o 

^  m 


Np  sp  vp  sP  NvP 

^  ^ 

o  O  Tt  ov  o 

^  (N 


OV 


m 


o 


sp 

cn 


ON 


VO 


r- 


m 

Tf 


o\ 

oo 


o 


m 


o 

(N 


(N 


ON 

(N 


ds 


O 


O 


O 


sp  sp  sO 
OS  OS 

m  »o  o 

VO  ^ 


Sp  Sp  vp 

VO  m  o 


sp  sp  sp 
CT' 

o  o  o 


Np  sp  Vp 

O^ 

VO  VO  O 
CN  cn 


Np  Sp  Sp 

O  O  iO 
^  CN 


sp  sp  sp 
CT' 

o  o  o 


sp  vp  sp 

l>  O  O 
(N 


sp  sp  sp 

©s  o^ 
t-'  O  O 
m 


m 


o  o 


^  CO 


cd 

(D 


o 

’73 

S 

OQ 

O 

o 


.£P 

'S  ^ 
s 

s  i 

I  ^ 

JS  £ 

-  i 

(U  o 

D.  ^ 

O 

(D 

S  ^ 
.5  w) 


W) 

IM  X) 

.2  ^ 

'  P 


2  cd 


S 

J 

'bb  ^ 


cd 

o 

a 

o 

•  «««4 

■e 

2 

C/3 


a> 

<U 

o 

p  o 
S  X 
Id  C 

t  .2 

o  •>: 


(U 


a 

N 

c  g)| 

di)  cd  ^ 

’w  -2 
^  o  c 

^  o  B 

»_  3  -^3 

o  ^  ^ 

.geo 
§  .2 
•g  23  S 

•S  •>:  > 


O 

a 

& 

'3 

cr 


I " 

c/5  -2  ^ 


o 


cn 

a 

o 


o  e 
^  o  Jr3 

e  22 
^  >  o 


1  i. 
Is 


O 

CO 

C 

O 

a. 

on  . . 

2a 

o  5 
c  o 


CO 

(D 

X 

o 

o 

CO 


< 

00 

I 

rc 

o 


<N 

O 

»n 

9% 

2% 

VO 

O 

in 

“co  ^ 

X  g 
o  > 


o 

o 


s 

eg 

<4H 

O  w 

1 

00  CO 


<  o 


119 


19.  Which  tasks  do  you  accomplish  through  the  chin  bubbles  while  performing  hover/taxi? 


®  S' 


in 


& 


m 


CN 


Tj*  'Tf  ^  00  (N  VO 
CNi  Ov  00  m  (N 


^  o  o 


On 

cn 


Q 

S  II 

Wp  £3 

K  "" 

O 


U 

00 

V) 

I 

X 

O 

< 

00 

tn 

I 

X 

o 


X 

o 


'O 


ooooooooooo 
00  VO  00  VO 


T— iiominoovom^noom 
moomoo^ov'^  »— * 


OIOU^^OOW^OOOO 
(N  CN  O  l> 


momomovomooo 

rnomomovocom 


Tf  in 

X  L 
U  S 


A 

b  g' 

'S  ® 

C«  <M 


spvOsOsOsOsOspsPs®S®NP 

qX  qS.  qN.  q\  q\  0(S  ©N  qN  q>\ 

(N  00  (N  OO  OV  VO  CN 


<D 

O 


- 


<L) 

I 


a 

.2 

o 

<D 

(L> 

XJ 


O 

> 


TO 

^  - 
<  O 

Z  ^  ^ 

«  ii  ^ 

5  iS  S 

O  tn  p 
:;:3 


C3  > 
^1 


5  .2 


C2  ^  ^ 

*5  cd 

o 

00  Cd  -cJ 

Ch  ^  Ci 

<i)  3 

^  U  ^ 

B  Gfi 


cd  0) 


a 

V 


a 

(L> 

s  8 
£p  i 


c 

(U 

'M 

(U 

00 


cd  ^ 
OD  w 


cd 


<D 

oi 

C 

o 

a 

c/:i 

<D 

}-H 

O 

a 


u  .. 

00  o 
in  'O 


I 

ffi 

O 


I 

ffi 

H:) 


l> 

00 

o 

VO 

O 

VO 

VO 

00 

00 

in 

r-( 

120 


20.  Identify  any  problems  that  you  have  experienced  with  the  chin  bubbles  while  performing  hover/taxi: 
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21.  Which  tasks  do  you  accomplish  through  the  chin  bubbles  while  performing  terrain  flight? 
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22.  Identify  any  problems  that  you  have  experienced  with  the  chin  bubbles  in  performing  terrain  flight: 
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23.  Which  tasks  do  you  accomplish  through  the  chin  bubbles  while  performing  above  terrain  flight? 

All  aircraft  CH-47  OH-6  OH-58A  OH-58C  OH-58D  UH-1  UH-60 

(n=220)  (n=15)  (n=6)  (n=4)  (n=39)  (n=5)  (n=34)  (n=117) 

.353^pilotage(NAV)  53%  100%  50%  44%  20%  44%  24% 
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24.  Identify  any  problems  that  you  have  experienced  with  the  chin  bubbles  in  above  terrain  flight: 
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25.  Rate  the  overall  external  viewability  through  present  windows  in  the  aircraft: 
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front  windscreens  too  smaU"(2) 

Glare  shields  block  vision  on  landing  and  approach."(3) 


26.  Are  there  any  external  aircraft  components  that  you  would  like  to  periodically  visually  check  during  flight  that  you 
not  normally  see? 
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27.  Which  type  of  windscreen  configuration  would  you  prefer? 
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28.  Identify  any  problems  you  have  experienced  due  to  windscreen  material  by  placing  a  G  for  glass,  P  for  plexiglass,  and 
O  for  other  material( _ ). 
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28.  (Continued) 

Identify  any  problems  you  have  experienced  due  to  windscreen  material  by  placing  a  G  for  glass,  P  for  plexiglass, 
a  O  for  other  material( _ ). 
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29.  Has  the  location  of  a  window  ever  caused  object/image  displacement  problems  (prismatic  deviation)? 
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31.  Are  you  able  to  adjust  your  seat  in  the  aircraft  to  obtain  what  you  would  consider  an  optimal  pilot-eye-position  for  your 
aircraft? 

Note:  Seats  on  OH-6  and  OH-58A/C/D  aircraft  are  not  adjustable. 
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"Seats  are  poorly  positioned." 
"hard  to  adjust  seats" 

"Seat  adjustments  constantly  jam. 


32.  From  your  experience  in  attack  type  helicopters  with  tandem  seating,  which  seating  arrangement  would  you  prefer  when 
considering  the  visual  requirements  for  that  mission?  FOR  AH-1  AND  AH-64  ATTACK  AIRCRAFT  ONLY 
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CH-47;  "NVGs  contacts  window  posts  (3)' 
OH-6:  "Posts  get  in  the  way" 


"Glare  of  lights  off  windscreens  is  intensified  (with)  NVGs" 

OH-58A:  "door  window  and  PDU" 

OH-58C:  "When  you  turn  to  look  out  door,  head  hits  windscreen  or  support."(2) 
"Larger  aircrew  members  bump  the  NVGs  on  the  interior." 

"only  when  looking  left,  I  must  back  away  from  the  window" 
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34.  Please  comment  on  any  other  problems  regarding  windscreens  (no  matter  how  general  or  specific  in  nature)  not 
previously  addressed: 
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Copilot/gunner  attack  aircraft  questionnaire  data 


The  format  for  presenting  the  questionnaire  data  consists  of  stating  each  question 
and  providing  the  percentage  of  respondents  selecting  each  possible  choice  of  response. 
Where  appropriate,  data  also  are  presented  by  aircraft  type,  where  the  value  reported 
represents  the  percentage  of  respondents  for  the  partieular  aircraft  type  selecting  each 
choice  of  response.  For  questions  where  comments  were  requested,  representative 
comments  were  selected  for  inclusion  in  the  following  data  on  the  basis  of  frequency  of 
occurrence  or  uniqueness. 


.  Which  tasks  do  you  accomplish  through  the  front  windscreens  while  performing  hover/taxi? 
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.  Identify  any  problems  that  you  have  experienced  with  the  front  windscreens  while  performing  hover/taxi: 
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screen  picks  up  sun  glare 


Which  tasks  do  you  accomplish  through  the  side  windscreens  while  performing  hover/taxi? 


.  Check  any  problems  that  you  have  experienced  with  the  side  windscreens  performing  hover/taxi: 
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.  Which  tasks  do  you  accomplish  through  the  overhead  windscreens  while  performing  hover/taxi? 
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.  Identify  any  problems  that  you  have  experienced  with  the  overhead  windscreens  in  hover/taxi: 
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.  Which  tasks  do  you  perform  through  the  front  windscreens  while  performing  terrain  flight? 
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.  Identify  any  problems  that  you  have  experienced  with  the  front  windscreens  in  terrain  flight: 
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.  Which  tasks  do  you  perform  through  the  side  windscreens  in  terrain  flight? 
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10.  Check  any  problems  that  you  have  experienced  with  the  side  windscreens  in  terrain  flight: 
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1 1 .  Which  tasks  do  you  accomplish  through  the  overhead  windscreens  while  performing  terrain  flight? 

Combined  copilot/gunner  AH-1  AH-64 

(n=16)  (n=4)  (n=12) 
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12.  Identify  any  problems  that  you  have  experienced  with  the  overhead  windscreens  in  terrain  flight: 
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13.  Which  tasks  do  you  accomplish  through  the  front  windscreens  while  performing  above  terrain  flight? 

Combined  copilot/gunner  AH-1  AH-64 

(n=16)  (n=4)  (n=12) 
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14.  Identify  any  problems  that  you  have  experienced  with  the  front  windscreens  in  above  terrain  flight: 

Combined  copilot/gunner  AH-1  AH-64 

(n=16)  (n=4)  (n=12) 
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15.  Which  tasks  do  you  accomplish  through  the  side  windscreens  while  performing  above  terrain  flight? 

Combined  copilot/gunner  AH-1  AH-64 

(n=16)  (n=4)  (n=12) 
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16.  Check  any  problems  that  you  have  experienced  with  the  side  windscreens  in  above  terrain  flight: 

Combined  copiiot/gunner  AH-1  AH-64 

(n=16)  (n=4)  (n=12) 
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17.  Which  tasks  do  you  accomplish  through  the  overhead  windscreens  while  performing  above  terrain  flight? 

Combined  copilot/gunner  AH-1  AH-64 

(n=16)  (n=4)  (n=12) 
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18.  Identify  any  problems  that  you  have  experienced  with  the  overhead  windscreens  in  above  terrain  flight: 
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25.  Rate  the  overall  external  viewability  through  present  windows  in  the  aircraft: 
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26.  Are  there  any  external  aircraft  components  that  you  would  like  to  periodically  visually  check  during  flight  that  you 
not  normally  see? 


27.  Which  type  of  windscreen  configuration  would  you  prefer? 
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28.  Identify  any  problems  you  have  experienced  due  to  windscreen  material  by  placing  a  G  for  glass,  P  for  plexiglass,  and 
O  for  other  material( _ ). 
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6%  crazing 
0%  other: 

6%  no  response 


Combined  copilot/gunner  AH-1  AH-64 

(n=16)  (n=4)  (n=12) 
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3 1 .  Are  you  able  to  adjust  your  seat  in  the  aircraft  to  obtain  what  you  would  consider  an  optimal  pilot-eye-position  for  your 
aircraft? 
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44%  pilot  in  the  front  seat,  75%  33% 

copilot/gunner  in  the  aft 


33.  Does  the  use  of  helmet-mounted  devices  (e.g.,  NVGs,  ANVIS)  cause  any  additional  conflicts  with  the  external  vision  i 
the  aircraft? 
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Appendix  F. 


Crewman  questionnaire  data 

The  format  for  presenting  the  questionnaire  data  consists  of  stating  each  question 
and  providing  the  percentage  of  respondents  selecting  each  possible  choice  of  response. 
Where  appropriate,  data  also  are  presented  by  aircraft  type,  where  the  value  reported 
represents  the  percentage  of  respondents  for  the  particular  aircraft  type  selecting  each 
choice  of  response.  For  questions  where  comments  were  requested,  representative 
comments  were  selected  for  inclusion  in  the  following  data  on  the  basis  of  frequency  of 
occurrence  or  uniqueness. 
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.  Which  tasks  do  you  perform  accomplish  through  the  rear  ports/door  windows/gunner  windows  while  performing 
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2.  Check  any  problems  that  you  have  experienced  with  the  rear  ports/door  windows/gunner  windows  while  performing 
hover/taxi: 
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3.  Which  tasks  do  you  accomplish  through  the  rear  ports/door  windows/gunner  windows  while  performing  terrain  flight? 

All  aircraft  CH-47  OH-58C  UH-1  UH-60 

(n=71)  (n=14)  (n=5)  (n=10)  (n=42) 

H%.pilotage(NAV)  0%  60%  30%  38% 


qN  gps  QX 

r-MOomoom’^oO'^ 

oooooooou^tr^o\oo 


o  o  o  o  o 
o  00  o^ 


r-  VO  Tf  rt 


sP  nP  sP  nP  Np 

o  o  o  o  o 

VO  00  00  00 


^  sO  sO  s© 

O  O  O  O 
00  00  VO  (N 


^sOsOs^s^sOsOsOsO 
cT^  ©x  ©s  ©s  ©X 

ommvot^voot^vo 
o  ov  Os  00  oo  in  oo 


S© 

©s 

t>  O 


s©  s© 

O  O 


so  s^ 

o  o 

<N 


s©  s© 

O  O 


O 

i| 

I  ^ 

^  > 

|1 
O  W 

^  x> 
00  o 


o 

o 

§ 


"of 

1  ^  ^ 

2  T3  a. 

c3  ‘o  5 

ii  >  g 

a  a  ^ 

2  2  t!  a 

O  O  00  ^ 

b  b  S 

*2  ’2  w  C3 
CO  CO 


CO 

^  .Si 

■B  U 


(D 

'a 


<D 

B 


D  .2  ^  ^ 
O  .ti  fH  O 

c/3  ^ 


§ 

c/3 

‘3 


o 

(U 


cO 

c/3  (D 


fell 


(U 

o  ^ 
c  o 


o 

in 

CN 

VO 

VO 

(N 

VO 

©N 

o 

OV 

00 

00 

Tt 

r- 

VO 

VO 

> 

4 


166 


4.  Check  any  problems  that  you  have  experienced  with  the  rear  ports/door  windows/gunner  windows  in  terrain  flight: 

All  aircraft  CH-47  OH-58C  UH-1  UH-60 

(n=71)  (n=14)  (n=5)  (n=10)  (n=42) 
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5.  Which  tasks  do  you  accomplish  through  the  rear  ports/door  windows/gunner  windows  in  above  terrain  flight? 

All  aircraft  CH-47  OH-58C  UH-1  UH-60 

(n=71)  (n=14)  (n=5)  (n=10)  (n=42) 
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6.  Check  any  problems  that  you  have  experienced  with  the  rear  ports/door  windows/gunner  windows  in  above  terrain  flight: 

All  aircraft  CH-47  OH-58C  UH-1  UH-60 

(n=71)  (n=14)  (n=5)  (n=10)  (n=42) 
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.  Which  tasks  do  you  perform  through  the  front  windscreens? 
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.  Check  any  problems  that  you  have  experienced  with  the  front  windscreens: 
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Which  tasks  do  you  perform  through  the  bubble  only  windows  in  the  fuselage?  FOR  CH-47  AIRCRAFT  ONLY. 
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10.  Check  any  problems  that  you  have  experienced  with  the  bubble  windows  in  the  fuselage:  FOR  CH-47  AIRCRAFT 
ONLY. 
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1 1 .  Rate  the  overall  external  viewability  through  present  windows  in  the  aircraft: 
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12.  Are  there  any  external  aircraft  components  that  you  would  like  to  periodically  visually  check  during  flight  that  you  can 
not  normally  see? 
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13.  Identify  any  problems  you  have  experienced  due  to  windscreen  material  by  placing  a  G  for  glass,  P  for  plexiglass,  and 
O  for  other  materialf  ). 


Note:  The  OH-58C  are  fielded  with  acrylic  windscreens  only. 


14.  Has  the  location  of  a  window  ever  caused  object/image  displacement  problems  (prismatic  deviation)? 
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15.  Does  the  use  of  helmet-mounted  devices  (e.g.,  NVGs,  ANVIS)  cause  any  additional  conflicts  with  the  external  vision  i 
the  aircraft? 
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16.  Please  comment  on  any  other  problems  regarding  windscreens  (no  matter  how  general  or  specific  in  nature)  not 
previously  addressed: 
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Appendix  G. 


Accident  synopses. 


Aircraft  type 

Accident  class 

Relevant  findings 

AH-IF 

C 

(1)  “The  weather  was  rainy  causing  droplets  of  rain  to  form 
on  the  copilot’s  (back)  windscreen.  The  copilot  was  having 
some  visibility  problems... visibility  was  severely  reduced  as 
a  result  of  a  combination  of  dust  and  drizzle  on  the 
windscreen.”  (Present  and  contributing) 

AH-IG 

C 

(1)  “The  crew  chiefs  helmet  was  marked  with  orange  and 
white  reflective  tape  which  reflected  on  the  front  canopies 
hampering  the  pilot’s  visibility.”  (Factor  which  contributed 
or  is  suspected  to  have  contributed) 

(2)  “The  windshield  was  checked  and  distorted  in  various 
places  possibly  hampering  visibility.”  (Factor  which 
contributed  or  is  suspected  to  have  contributed) 

AH-64A 

C 

(1)  “...factor  was  the  obstruction  of  field-of-view  (FOV)  by 
the  inadequate  design  of  the  canopy  frame  members  in  the 
cockpit... That  is,  outside  areas  subtended  by  the  frame 
members  in  conjunction  with  the  left  to  right  rolling  motion 
of  the  NOE  maneuvers  contributed  to  obstruction  of  the 
pilot’s  FOV  of  the  trees  and  cactus.”  (Present  and 
contributing) 

OH-58A 

C 

(1)  “Raindrops  were  present  on  windscreen  possibly 
reducing  forward  visibility  which  may  have  contributed  to 
misjudging  clearance.”  (Present  and  contributing) 

OH-58A 

C 

(1)  “Pilot’s  vision  was  blocked  by  glare  when  he  turned  into 
the  sun  during  takeoff”  (Definite  cause  factor) 

(2)  “Windshield  was  moderately  crazed.”  (Suspect  cause 
factor) 

OH-58A 

B 

(1)  “The  pilot’s  windscreen  was  written  up  as  ‘crazed’. ..The 
windshield  had  not  been  replaced.”  (Present  but  not 
contributing) 

(2)  “The  CP  opened  his  door  in-flight  to  gain  visual 
reference  with  the  ground.”  (Present  but  not  contributing) 

OH-58A 

C 

(1)  “Sudden  reduction  in  visibility  due  to  glare  on  crazed 
windshield  caused  pilot  not  to  see  tree  until  it  was  too  late  to 
avoid.”  (Present  and  contributing) 
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Appendix  G  (Continued). 


Accident  synopses. 


Aircraft  type 

Accident  class 

Relevant  findings 

OH-58A 

C 

(1)  “Pilot  and  copilot  windshields.. .were  declared  distorted 
by  the  crew  chief... was  selected  for  unaided  night/NVG 
training  by... the  maintenance  officer  for  the  troop.  The 
distorted  windshields  caused  visual  restrictions  during 
flight.”  (Present  and  contributing) 

OH-58A 

C 

(1)  "Combination  of  windscreen  fog,  rain,  glare  restricted 
the  pilots  visibility  outside  the  aircraft."  (Present  and 
contributing) 

(2)  "Aircraft  defog  system  was  not  capable  of  keeping  the 
windscreen  clear."  (Present  and  contributing) 

(3)  "Pilots  attention  was  distracted  by  poor  visibility  and 
weather  conditions  to  a  point  that  he  did  not  realize  he  was 
descending."  (Present  and  contributing) 

OH-58A 

c 

(1)  “The  sun’s  glare  on  the  windshield  did  not  allow  the  pilot 
to  observe  the  bird  in  time  to  avoid  hitting  the  bird.” 

(Present  and  contributing) 

OH-58C 

c 

(1)  “The  PI  focused  his  attention  through  the  lower  right 
comer  of  the  windscreen  due  to  reduced  visibility  from 
moisture  accumulation  on  the  windscreen.  By  focusing  his 
attention  in  one  area,  the  PI  failed  to  scan  the  other  ground 
references  available  to  him  through  the  cockpit  door 
openings.”  (Present  and  contributing:  human  error-training 
failure) 

UH-IM 

c 

(1)  “The  reduced  visibility  caused  by  a  glare  on  the 
instructor  pilot’s  glass  windscreen  reducing  the  instructor 
pilot’s  acquisition  and  avoidance  time.”  (Present  and 
contributing) 

(2)  “Dirty  and  pitted  windshield  caused  by  burning  rocket 
propellant  aggravated  the  glare  on  the  instmctor  pilot’s  glass 
windshield.”  (Suspected  contributing  factor) 

Appendix  G  (Continued). 


Accident  synopses. 


Aircraft  type 

Accident  class 

Relevant  findings 

UH-60A 

A 

(1)  “The  crews  of  the  two  converging  aircraft  failed  to  see 
and  avoid  each  other  because  of  visual  limitations  associated 
with  the  AN/PVS-5  NVGs,  coupled  with  the  field  of  view 
restrictions  of  UH-60A  aircraft.”  (Present  and  contributing) 

(2)  “The  crew  chiefs  and  gunner’s  windows  do  not  provide 
adequate  field  of  view  for  flying  NVGs  due  to  fore,  aft,  and 
center  window  obstructions.”  (Present  but  not  contributing) 

UH-60A 

A 

(1)  “Numerous  blind  spots  in  the  UH-60  resulted  in 
inadequate  field  of  vision  allowing  other  aircraft  to  approach 
undetected.”  (Present  and  contributing) 

(2)  “Center  console  radios  are  not  NVG  compatible  and 
caused  both  pilots  to  focus  their  attention  inside  the  cockpit 
instead  of  clearing  their  aircraft  of  traffic.”  (Present  and 
contributing) 

(3)  “The  AN/PVS-5  restrict  through  the  tube  visibility  to  40 
degrees  even  with  the  flip-up  moxmts.  Crew  members  on 
both  aircraft  had  increased  peripheral  blind  spots  from  the 
cutaway  mounts  which  allowed  the  other  aircraft  to  approach 
undetected.”  (Present  and  contributing) 

UH-60A 

C 

(1)  “The  0%  illumination  below  the  tree  line  just  after  EENT 
and  the  water  spray  on  the  windshield  contributed  to  the  loss 
of  visual  references.”  (Present  and  contributing) 

